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FOREWORD 


The Vertical Antenna: How It Came 

From Where It Was 

To Where It Io Today 

In 1896 a young Italian scientist arrived in 
England with some mysterious apparatus in his 
luggage. The customs officials# who had soon nothing 
like it before# examined it so thoroughly that ;he 
delicate apparatus nrmpl At-Aly wrecked. This vas 

the inauspicious beginning of a venture that vas 
destined to revolutionize the communication pattern 

mm> 

of the twentieth century. 

Guglielmo Marconi# however# forged ahead with 
his unusual experiments and went down in history as 
the father of radio communication. One nf hie 
greatest inventions in this field was the antenna 
and today a dsscendant of that early device is known 
as the Marconi antenna. The inventor had the 
inspiration of combining an elevated wire used in 
thunderstorm experiments with his crude spark 
transmitter* The improvement in performance vas 
magical* Marconi# by sys-ematic experiments# found 
his radio range was extended immediately from yards 
to several miLes. The addition of a telegraph key to 
his apparatus created a complete communication 
system which Marconi patented in 1896—when he vas 
22 years old. 

Marconi continued to improve his wireless 
system and his vertical antenna has rightfully taken 
its place in history as a practical device for long 
distance communication* 




This new handbook concerns itself with the 
vertical antenna in all its popular forms for hf and 
vhf communication. Computer-derived antenna designs 
are given for amateur bands and information is 
provided to allow many of the designs to be used on 

frequencies falling outside the amateur assignments. 

Important dimensions are given in both English and 
Metric systems* 

The authors of this antenna handbook started 
experimenting with vertical antennas in 1934* During 
five decades they have learned a good deal about 

thcco intoreeting and practical antennas, hut thpro 

is still much to be discovered* There is no reason 
why you cannot experiment with, and improve on, the 
antenna designs in this handbook* 

Good luck and good DK! 





Chapter X 


The Real-life Vertical Antenna 


A simple description of a vertical antenna is one 
whose active element is vertical with respect to the 
earth's surface, and which radiates a vertically 
polarized wave (Fig. 1). lhis representation shows a 
radio wave travelling out of the page towards the 
reader* By definition* wave polarization is vprt-iMi 
when the electric field of the wave is perpendicular 
to the earth* The complete radio wave consists of an 
interplay of energy between the horizontal magnetic 
field and the vertical electric field (Fig. 2). 

If the position of the fields is reversed, the wave 
is horizontally polarized* In free space trie 
definition is rreaningless, as the earth's surface as 
a reference does not exist* 

In proximity to the earth, polarization is 
important as the surface of the earth reflects radio 
waves* The results of this reflection depend upon 
wave polarization, the height of the antenna above 
the earth, and conductivity of the eartfi* 

Ground Reflection 

A radio wave hugging the surface of the earth is 
called a surfaoe, or ground wave, and is useful only 
for short-range communication, as it Is eventually 
absorbed by the earth, or wanders off into space* 
Absorption is less for longer waves than for shorter 
ones, and the radio range of ground waves in the 
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Fig, 1 Head-on vtew of vertically polarized radio wave. The magnetic lines 
of force are parallel to the earth and the electric linss of force cut the sur¬ 
face of the earth. The complete wave consists of an nterplay of energy bet¬ 
ween the two foice fields. 



Fig. 2 Early interpretation of a vertically polarized radio wave showing elec¬ 
tric field radiated from antennt. (From "Wireless Telegraphy and 
Telephony", by Ashley and Lewis, 1911.) 
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Rg. 3 Reflection of radio wave from vertical antenna above perfect flat 
earth. The wave received at a distant point consists of a direct wave plus 
viave created by reflection from the ground. This action compares to mir¬ 
ror reflection and the laws of optics apply equally wel to radio wave reflec> 
tlon. Reflected wave can be considered to come frorr an ''image anterna" 

located at far below the earth’c ccrfeoc oa the real antenna Is above it. 

Strength of the rof acted wave depends upon antenna height and the ;on- 
dactivity of the earth. 


broadcast baod may be hundreds of miles under good 

conditions. Ground wavp propagation in the h£ 

spectrum# on the other hand# is limited to tens of 
miles# and is primarily limited to the horizon in 
the vhf spectrum. Long distance hf propagation takes 
place mainly because of wave reflection from the 
ionosphere# as discussed later in this chapter. 

Fig. 3 shows a vertical ,inf-pnna Above a porfoet, 
flat ground. It a distant point a wave received from 
this antenna consists of a direct wave plus the wave 
created by reflection from the ground in the 
vicinity of the antenna. At a more distant point# 
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only the reflected wave is received* This action can 
be compared to mirror reflection and the laws of 
optics that govern mirrors apply equally well to 
radio wave reflection. In the ger.eral case, the 
angle of the incident wave from the antenna to the 
ground Ca) equals the angle ot the reflected wave 
(b), with a portion of the reflected wave being 
absorbed or refracted by the ground. The intensity 
of the combined waves at a distant point varies with 
respect to antenna height above ground, the angle of 

reflection, and also the reflective efficiency 
(electrical conductivity; ot the ground.The vertical 

radiation pattern of the antenna is therefore 
determined by the sum of the direct wave from the 
antenna and the ground-reflected wave. 

In the case of a horizontally polarized antenna 
(a dipole, for example), reflection from a perfect, 
lletL gxoucd gives a phase (polarity) shitt for the 
reflected wave of 180 decrees at most angles above 
the horizon with little wave attenuation. Sven over 
poor, low conductivity ground, the reflected wave 
retains nearly the same phase relationship to the 
direct wave and almost the same intensity, as ground 

absorption is low. Thus, the lefltsuLcd wave uaLLexiu* 

obtained over real-life ground closely resemble 
theoretical results determined mathematically. 

Ground reflection produces quite different results 
in the case of the vertical antenna. There is little 
phase shift of the reflected wave at high reflection 

angles, but a ooncidorahlo phacc chift at lower 

reflection angles. As an example, for a very snail 
reflection angle (b) when the vertical antenna is 
close to the ground, the phase shift of the 
reflected wave is nearly 180 degrees when ground 
absorption is small, just as in the case of the 

horizontal artonna- But as tho reflection angle 

increases, the phase shift decreases until, at a 
critical "Brevster angle", phase shift drops to 90 
degrees and vave attenuation is a maximum. This 
critical angle ranges from about 10 degrees abave 
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Fig. 4 Phase change of wave caused by ground ref ection for vertical and 
horizontal polarizations. The phase stays virtually constant at 180 degrees 
for horizontal polarization and changes substantially for vertical polariza¬ 
tion. PhARP change takes placo at an angle of reflation between 10 and 

30 degrees depending upon soli conductivity. (Drawing courtesy of "Mobile 
Radio Technology" magazine.) 

the horizon for good ground (a salt marsh, for 
example) to over 30 degrees for low conductivity 
(rocky, sandy) ground (Fig. 4). At this angle, fch«= 
radiation pattern of a vertical antenna is affected 
the most by ground reflection* 

Below the Brewster angle the reflected wave From 
a vertical antenna partially cancels the direct 
wave# while above this angle ground reflection 
enhances the direct wave# providing a qain up to 6 
decibels over free-space conditions* This gain is 
theoretical# as no antenna in the vicinity of the 
earth is in free space* 

In any case# the better the ground conductivity# 
the lower the critical angle and the greater the 

low-angle radiation from the vertical antenna. This 
may be the reason that such conflicting results are 
reported by amateurs using vertical antennas* Those 
amateurs living in areas of poor groand conductivity 
are bound to have poorer low-angle radiation froa a 
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Fig. 6 Effoetivo ground conductivity in tho Unitod Statoc. Tho largor ntmbor 

Indicates higher conductivity. Conductivity Is expressed In mllllmhos per 
noter. (Drawing courtesy of “Reference Data for Radio Engineers’ 1 .) 

* 

given vertical antenna than those amateurs lucky 
enough to reside in a region of very good ground 
conductivity* Fortunately, except for desert areas 
and regions vuith very rocky soil, most of the United 
States lies in an area having fair to good ground 
conductivity (Fig 5). 

Ground Reflection Patterns for Vertical Antennas 

Vertical polarization has important advantages 
over horizontal, especially when antenna space is 
limited. Fig. 6 compares the vertical field pattern 
of a horizontal dipole and a quarter-wave vertical 
antenna located above good ground. As an example, 
assume that for long distance communication a 
vertical radiation angle of 20 degrees or less is 

desired. 

To achieve maximum radiation at this angle, it is 
necessary to place the horizontal antenna about 
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Fig. 6 A comparison of the vertical Held patterns of horizontal and vertical 

aitennas located above good ground. The horizontal antenns is 

&'4~wavelength above ground while Ihe base of vertical antenna Is at ground 

level. Both antennas provide good tadlation at a vertical angle of about 20 

dagrees but horizontal antenna must be 52 feet high to do the lob on the 
20 meter band. 


3/4-wavelength above ground* The vertical antenna, 
however, radiates maximum power at or near this 

vertical angle when the base is at ground level* For 
the 20 meter Dana, this requires a horizontal 
antenna height of about 52 feet (15*8m) compared 
with an overall height of only 16.5 feet (5m) for 
the vertical antenna. 
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Fg. 7 Vertical radiation pattern of a vertical dipole whose base is at ground 
level. Over perfect ground, low an$0e radiation is maximum at the hoilzon 
(A). Over average ground (8), typical of the United States, some extremely 
lew angle radiation is lost. Poor ground conductivity (C) reduces radiation 
a: all vertical angtos. 

Theoretically, the vertical antenna provides a 
maximum radiation field down to zero degrees (the 
horizon), as shown by the dashed line* However, 
since the earth is not a perfect conductor, the 
extreme low angle radiation is not realizable* 

Note that the very high angle radiation lobe of 

the horizontal antenna is useless for most long 
distance, high frequency communication* It is this 
high angle lobe, on the other hand, that makes this 
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Fig. 8 Vertical raciation pattern of a ground plane antenna with the base 
st ground level resembles vertical dipole pattern, with ground absorption 
losses showing below about 15 degrees. A ■ perfect ground, B = average 
ground, C- poor ground. 

antenna type outperform the vertical on short-haul 
communication on the lower frequency bands (160 and 
80 meters, for example)* 

The elevation pattern of the vertical antenna at 
various heights above ground shows interesting low 
angle radiation. The pattern of a vertical dipole 
whose base is at ground level is snown in Fig, 7. 
Cver perfect ground the low angle radiation is 
rraximum at the horizon as shown by curve A. Over 
average ground (typical for the USA), some of the 
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Fig. 9 Vertical raciation pattern of a ground plane antenna with the base 
elevated one-half wavelength above ground. Radiation Is concentrated at 
e slightly lower angle than when antenna is ground mounted. Second, high- 
angle lobe appear at about 60 degrees above the horizon. A- perfect 
cround, B= average ground, C= poor ground. 

extremely low angle radiation is lost but at an 
elevation angle of only 15 degrees, for example, the 
radiation lobe is down less than 3 dB in power from 
the maximum theoretical value (curve B). Poor ground 
conductivity, such as found in dry, semi-desert 
areas, further reduces lov angle radiation, as shown 
in curve C* 

The elevation pattern of a quarter-wave ground 
plane antenna with the base at ground level is shown 
in Fig* 8* The pattern is much the same as that of a 
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Fig. 10 Vertical radiation pattern ol a ground plane antenna with the base 
elevated three-quarters wavelength above ground. High angle lobe drops 
to about 40 degrees A» perfect ground, B- average ground, C- poar 
groind. 

vortical half-vave dipole, with grourd absorption 
loss showing at angles below about IE degrees* In 
most typical installations radiation below 10 
degrees is virtually zero* 

The Elevated Vertical Antenna 

?ig. 9 represents the pattern of a ground plane 
antenna with the base elevated one-half wavelength 
above the ground* Radiation is concentrated at a 
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Fig. 11 Vertica radiation patters of a ground plane antenna with Vie base 
elevated one wavelength aboveground. Three main lobes are shown, with 
the lowest an an angle of less than 10 degrees above the horizon. A - perfect 
ground, B- average ground, C- poor ground. 

slightly lower angle than when the antenna is ground 
mounted, and a second, high-angle radiation lobe 
appears at about 60 degrees above the horizon• This 
lobe is rseful for high angle, hf multiple-hop 
propagation such as occasionally found on "long 
path" openings* 

When the ground plane antenna is elevated so the 
base is three-quarters wavelength above ground (Fig. 
10) the lower lobe radiation angle drops to about 8 
degrees over average ground and the high angle lobe 






THE REAL-LIFE VERTICAL ANTENNA 


19 

has split in two, providing maximum radiation at 
about 60 degrees and 30 degrees above the horizon* 

Fig* 11 shows the vertical pattern of the ground 
plane at an elevation of one wavelength above 
ground* Three main lobes are shown, with the lowest 
at: an angle of less than 10 dagraos; aHova the 
horizon* The two higher lobes are at angles of about 
32 and 62 degrees* 

Elevating the vertical antenna is inpractical on 
the lower frequency bands because of the size of the 
antenna, but i- can improve overall DX results on 
the higher frequency amateur bands* especially sine* 
boosting antenna height helps to raise the antenna 
with respect to nearby metallic objects and power 
lines* 

Kb with any antenna, theoretical considerations 
are greatly modified in a practical environment but 
the vertical antenna stands on its own merits as a 
popular and effective hf transmitting antenna even 

though it is more susceptible to ground resistance 
loss than an equivalent horizontal antenna* Ground 
loss are covered in the next chapter* 

Ionospheric Reflection 

?he vertical angle of wave reflection from an 
antenna in the vicinity of the ground is an 
important factor in long distance hf communication 
because the radio wave is reflected again in the 
ionosphere at a distant poir.t and returned to earth* 
The angles of reflection determine the wave path* 

I For long distance coirmunication, the optimum 
angle of ionospheric reflection depends upon the 
height of the ionosphere, the length of the path and 
seasonal factors (Fig* 12)* 

As an example, an ionospheric height of 350 km 
(210 ml) is shown m the drawing* Maximum distance 
of the first reflection point from ionosphere to 
ground is about 4160 km (2500 mi) from the 
transmitter* This corresponds to a vertical angle of 
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Fig. 12 Slngle-inp transmission lakes place up to distances of about 2500 
miles. This corresponds to a vertical angle of redaction at the antenna of 
zero degrees above the horizon. Multiple-hop transmission reaches distant 
points. Silent (skip) zones between the hop points are shown. Broad ver¬ 
tical angle of rallation of antenna covers much area between hop points. 
(Drawing courtesy of "Beam Antenna Handbook", Radio Publications, Inc.) 

reflection above the horizon at the antenna of zero 
degrees* As the vertical angle of reflection 
increases, the distance to the first ionospheric 
reflection point decreases and the *'skip distance 1 * 
to the area where the signal returns to earth is 
decreased* The laws of reflection point out that for 
greatest CX work, the angle of ground wave 
reflection must be low in order to have the greatest 
single-hop transmission distance* 

This does not imply that the transmitting antenna 

must direct its energy in a thin beam along the 
horizon to the distant ionosphere* This is not what 
happens in practical antennas* Rather, the vertical 
radiation pattern of an antenna is quite broal (20 
to 40 degrees) and the energy is "sprayed" over a 
large area of the ionosphere* This insures that some 
portion of the energy comes back to earth at a 
distant pcint in spite of random variations in the 
ionosphere• 

Generally speaking, even though the vertical 
antenna pattern is broad for a given long distance 
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circuit and a given frequency# the lover the angle 
of radiation of the antenna the stronger will be tne 
signal at a distant point* 

Multiple-hop Reflection 

For distances longer than 2500 miles (4150 
Jon)#several ionospheric reflections are normally 
required (Fig. 12). On a very long path (New York zo 
Australia# for example)# many reflections may take 
place* Unfortunately# the signal lo3S for each 

ionospheric "hop" con run as high as G dB due ;o 
wave absorption and scattering in the ionosphere and 
to ground absorption.Thus# to achieve the strongest 
signal at a distant point# the fewer the ionospheric 
hops the better* 

Because of the geometry of reflection# as 

discussed earlier, a practical vortical antenna ie 

theoretically able to provide greater low-angle 
reflected energy than an equivalent horizontal 
antenna limited to a reasonable height above ground. 
This is valid on all amateur hf bands# and 
particularly true on the 160 and 80 meter bands# 
where even an antann* a hn 1F-wavaI ongth high ls 

generally impractical. 

Horizontal vs Vertical—Not a True Comparison 

One other factor influences the performance of a 
vertical antenna when compared to i horizontal 
equivalent. While the horizontal antenna can provide 
attractive low angle radiation over rather poor 
^conductivity ground# it may prove impossible zo 
'erect the antenna high enough in the air to take 
advantage of the resulting low angle radiation. As 
a practical example# consider a horizontal antenna 
'mounted 35 feet (10.7 m) above ground for 40 meter 
operation. This corresponds to an electrical height 
of one-quarter wavelength. Maximum radiation in the 
vertical plane from this antenna is at 90 degrees zo 
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the horizon (straight up) and radiation at a 
DX-angle of 10 degrees is reduced about 12 dB beLow 
the maximum field* 

In comparison, a vertical quarter-wave antenna 
vith the base at ground level provides a degree of 

radiation at a vortical anglo of 1C dogroos above 

the horizon* If ground conductivity is average, the 
field strength at this vertical angle is 6 dB beLow 
the maximum theoretical value* It seems as if both 
antennas suffer a handicap in reduced field strength 
at a low DX-angle of radiation* 

Aro tho handicaps equal? The vertical fipld 

mb dm 

patterns indicate the vertical antenna is about 6 dB 
better than the horizontal at a 10 degree vertical 
angle* But this comparison may be misleading* It is 
like comparing apples and oranges* 

Amateurs who are fortunate to have two antennas 
in this physical arrangement on the 40 meter band 
conclude that the antennas are roughly equal in 
performance when they are located over average 
ground. That is, a dipole about 35 feet in the air 
compares favorably in transmission and reception at 
40 meters with a ground nounted quarter-wave ground 

plane antenna. In some instances one or the other 
antennas seem to favor a particular propagation 

path, but the advantage is a small one and not 
consistent, with one exception: the horizontal 

antenna always provides a stronger signal for short 
distance conmunication* That is, the high angle 

radiation of the horizontal provides much stronger 
signals for close-in work than does the vertical* 
But over about 700 miles (1160 km) on the 40 meter 
band, the tvo antennas seem equal* The same resuLts 
hold true on 80 meters, except the area of signal 
equality lies much closer to the antenna (about 500 
niles, or 830 km)« 

The comparison is even more striking on the 160 
neter band* It is nearly impossible to erect a 
horizontal antenna one quarter wavelength high on 
this band and most amateurs are content with an 
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antenna height of 60 feet (18 cn) or less* This 
corresponds tc an electrical height of about 
one-eighth wavelength and at this elevation low 
angle radiation frocn a horizontal antenna is almost 

nil. 

Decauoc it io difficult to achieve low angle 

radiation fron a low Horizontal antenna, the 
preferred DX entenna of many operators on the 160 
land 80 meter bands is the vertical —even a short 
one having low overall efficiency* A horizontal 
antenna is satisfactory for local, around-the-state 

communication on the low bande and many asaatcurc 

have worked DX with just sich an antenna, but it is 
considered to be a poor DX performer by those who 
have taken the time and effort to erect a good 
vertical antenna system* 

As a practical example, one of the authors of 

this handbook oomparod n horis^ontAl Hi no! a 40 feet 

(12 m) high against a short, coil-loaded ground 
plane 40 feet high whose base was nounted 8 feet 

(2.4 m) above the ground* A network of six radials 

was used with the ground plane antenna (Fig* 13). 
Tests were run on 80 meters for more than three 
years and the results were quite consistent.. Out to 

about 600 miles (1000 km) the low dipole provided 

the superior signal, often by 10 to 30 decibels, as 
conpared to the ground plane* At a distance of about 
1200 miles (2OC0 km) signal reports were usually the 
sane for both antennas* But at greater distances the 
vertical antenna consistently proved to be the 
better performer* Transoceanic contacts could be 
easily worked with the vertical; often the DX 
signals could not be heard on the horizontal. DX 
signal reports received on the horizontal proved t d 
be 10 to 15 dB weaker than those received on the 
vertical. Clearly, except for IoclI work, the 
vertical antenna was the star DX performer on 80 

meters! 
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Fig. 13 Comparative tests were run on 80 meter dipole and ground plene 
antennas. Low dipole proved best up to about 600 miles distance. Both 
antennas seemed about equal at 1200 miles distance. For long distance 
work, the ground alane antenna wis the better performer. 


The Picture Changes Above 7 MHz 

While the vertical antenna proves to be the 
superior antenna for low-band DX, the picture 

changes at 7 Milas and above » Now it ic possible to 

erect a horizontal antenna high in the air in terms 
of operatinc wavelength, A comparison of a 40 foot 
(12 m) high dipole and a ground-mounted, full-size 
ground plane at 7 MHz showed the former better for 
close-in work, but the two antennas seemed about 

equal for DM operation. The vertical antenna was 
better for very long contacts (California to 
Saudi-Arabia, for example) and the improvement was 
consistent, but it was not of great magnitude. 

The final comparisions between sinple horizontal 
and vertical antennas took place on the 10, 15 and 
20 meter bands*. In each feat the horizontal antenna 
was 40 feet 112 m) high and the base of the ground 

plane antenna was 8 feet (2,4 m) above ground. Six 
radials were used on each vertical ground plane 
antenna. 
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These arrangements were chosen because they are 
typical of an "average" amateur installation♦ Tests 
were run on worldwide and domestic contacts for a 
period of over two years. Signal reports showed that 
the horizontal dipole had about 6 dB (approximately 

ono S-unit) advantage over the ground plane uiu&L of 

the time on long propagation paths on all bands. The 
improvement vas most noticeable on the 15 and 10 
meter bands where dipole height was large in terms 
of wavelength* 

On quite a few occasions the vertical antenna 

outperformed the dipole on DM contacts by aa much as 

art S-unit. Greatest improvement was noticed during 
disturbed ionospheric conditions. During excellent 
DX conditions, the dipolo proved to be the better 
antenna. Even so, plenty of flattering reports were 
received on the vertical antenna. After all, if you 
are S9-Dlus 20 dB on nna ^nt-pnna, doos it matter if 
you are only £9-plus 15 dB on another antenna? 

Many similar tests have been run by the authors 
over a 35 year period and nave been repeated several 
times in different locations. Other amateurs have 
also contributed to the tests. While the high dipole 
proves to be the better performer on tha highor 
bands a majority of the tLme, the ionosphere is a 
great leveler of signals. On all bands (except 10 
and possibly 15 meters), the slight loss of signal 
strength for the ground plane antenna may be of no 
consequence, considering the savings in space and 

the unobtrusiveness of the installation as compared 
to a dipole antenna. 

But the last word has not been said about the 
vertical antenna, as explained in the next section. 

The High Vertical Antenna 

It is easy to raise the vertical antenna above 
ground in terms of operating wavelength on tie 
higher frequencies. Getting any typo of antenna high 
ir the air is the secret to success on any amateir 
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band. While the theoretical vertical radiation 
pattern of a vertical antenna mounted a distance 
above the ground shows some high angle radiation, 
the antenna is still an effective low-angle DX 
radiator. It disproves the old saying that "the 

Tertical antenna is equally weak in all directions". 

One reason for the improved performance is that a 
high antenna can be placed in the clear as far as 
local obstructions are concerned. 

The Japan-California Tests 

In the late 1950s extended tests were run between 
California and a Marine Corps amateur station 
located in Japan. The 20 and 10 meter bands were 
used and tests were run for over a year. The station 
in Japan had three element Yagi beama about 40 feet 
high (12.2 ml ana ground plane antennas atop masts 

nearly 90 feet (27.4 ra) high. 

On both bands# results on the Japan-California 
path were interesting. Under good conditions# the 
beams were about one S-unit (6 dB) louder than the 

corresponding ground plane. Under poor conditions# 
or when the band was }ust opening in the morning or 
closing in the evening# the ground pLanes were the 
superior antennas# providing stronger signals with 
less fading. 

Encouraged by the results# the Marine Corps hams 
moved the ground plane antennas to the top of a 200 

luot (61 iu) high chiieuiuy• The tebulla uvex a lung 

period of time showed that the ground plane antenras 
were nearly the equal of the 40 foot high Yagi beams 
and in many circumstances provided superior signals. 
Unfortunately, the tests were broken off when the 
operators in Japan returned stateside and the ham 

station was closed down. 

Not many amateurs can place their antenna or a 
200 foot chimney# but an amateur living in an 
apartment building can obtain excellent results from 
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a simple ground plane antenna mounted on the roof* 
And an amateur living in a multistory dwelling 
should certainly investigate the idea of placing a 
vertical antenna on the roof if open yard space is 
scarce 1 

jumping to Conclusions About Vertical Antennas 

It is not easy to reach specific conclusions from 
a series of unrelated tests performed at random over 
many years* But the fact remains that the vertical 

an-t-pnn/i is a good DX nprformAr under difficult 

conditions anc, when installed with care, provides 
good results. The best possible world is to have 
both horizontal and vertical antennas yourself and 
make comparisons that are meaningful to you* 

There is nc simple ansver to the choice between 

the antennas* A lot depends upon the band you use* 
the results desired, and the amount of real estate 
you have available* Surely on the 160 and 80 meter 
bands the serious operator will choose the vertical, 
as it is a star DX performer and there is no real 
competition to it. However, if you enjoy local rag 
chews on these bands and are not an all-niqht OX 
chaser, a horizontal antenna about 40 feet <12 m) in 
the air will do a good job for you* If it is higher, 
the results will be better, but don't expect such an 
ar.tenna to win a DX contest for you I 

The Favorite Antennas of W6SAI 

"My favorite antenna for 160 or 80 meters is a 
dipole because I don't chase DX on these bands* I 
like to rag-chew. Besides, the vertical antenna is 
sensitive to noise, and most noise is vertically 
polarized* I have a very high noise level and I 
have trouble hearing weah. signals on a vertical. I 
can work some DX on the dipoles (east coast on 160 
meters and Europe on 80 meters) but I know my old 
ground planes in my previous location were much 
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better DX performers on these bands* 

"On the 40 and 30 meter bands, the situation is a 
toss-up* My power line noise is much less on these 
bands and the vertical antennas do a good job on 
transmission and reception* On the whole. I'll chose 
the verticals for these bands. In any event. I can't 
compete with the 40 meter Yagis that are showing up 
but I can give a DX good acount of myself with the 
vertical• 

"On the higher bands (20 through 10 meters) it is 
easy for me to erect a dipole 50 feet (15 m) in the 
air* The horizontal antenna is my choice beacuse it 
is easy to install and provides excellent results. I 
have ground planes for these bands, too, from time 
to time* They are located about 12 feet (3*6 m) above 
ground* But the radials are inconvenient, running 
around the yard, so they don't stay up except for 
occasional tests* I've made WAC (Worked All 
Continents) and DXCC with the verticals and 150 
vatts power, so you can say they work fine for ae* 
In the long run, however, I'd choose a six element 
Tagi on a 150 foot (46 m) high tower any day! Since 
I don't have the room, time or money to erect such a 
giant, I have a lot of f*an with the simple antennas 
that I have!" 

Ihe Favorite Antennas of V2LX 

" I lived in an area that had good soil 
conductivity, near Long Island Sound (NY). I had a 
Tagi at 45 feet and several ground plane antennas at 

a base height of 10.5 feet (3.2 m). The Yagi beam 
outperformed the ground planes, but the ground 
planes were equal in every respect to single band 
dipoles that I tried from time to time. And they 
vere a lot easier to maintain in bad weather than 
vas the beam* 

" I ran many skeds with Australia using the 
ground plane on 14 MHz and worked plenty of ux with 
this simple antenna—even with my QRP 4-watt rig* A 
few months before I moved, I took dovn the tower and 
the Yagi beair and just U 3 ed the ground plane* I hate 
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to admit it# but for my style of operating, I really 
didn*t miss the beam. 

"Now I am living in an area where it is difficult 
to erect a beam antenna. So I am usinc ground plane 
antennas and am satisfied. I may not be the loudest 
signal on the band, but I work plenty of DX and can 
compete in the pile-ups. My advice is not to envy 
the boys with the big antennas. A good operator with 
a simple antenna can even the score mere times than 
you would imagine I" 


The Choice: Horizontal Versus Vertical Antenna 

The choice is interesting and in most case is 
dictated by the space available and monetary 
considerations. Consider these virtues of the 
vertical antenna: 

1. A vertical antenna is inexpensive and simple to 
build and install. It occupies little ground 

space. 

2. A vertical antenna can he conveniently fed at the 
base by a coaxial line and a simple matching 
network. 

3. A vertical antenna is unobtrusive and dravs 
little attention from curicus neigftbors. 

4. A vertical antenna is nondirectional and does not 
require a rotator. 

5. Low angle radiation can be obtained from the 
vertical antenna in the lower frequency ham bands 
where practical horizontal antenna heights provide 

Only high angle radiation. 

6. A multiband vertical antenna is inexpensive 
compared to the cost of a multiband bean. 

Now consider the case for the horizontal antenna: 

1. The horizontal antenna is loss ^uisoopLible to 

man-made interference (auto ignition,power lire 
noise, etc.) than is the vertical antenna. 
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2# The horizontal antenna is less affected by ground 
resistance ir the near-area of the antenna than is 
"he vertical, 

3. Since many tv and fm antenna lead-in wires run in 
"he vertical plane, a nearby vertical transmitting 

antenna may cause more TVI overload to a nearby 

receiver than would an equivalent horizontal 
antenna. The leadin of the entertainment equipment 
can act as ar antenna, picking up signals radiated 
by the vertical transmitting antenna# (On the other 
side of the coin, many horizontal antennas are badly 

affected by noicc in nearby power linco running 

parallel to the antenna•> 

4# No extensive ground system is required for the 

40 m 

horizontal antenna, whereas an extensive one may be 
required for good vertical, antenna performance# 

Can the "Fellow at the Other End" Tell the 

Difference? 

Variations in transmitter power, antenna gain and 
angle of radiation can be observed at a distant 
receiving point, but it is unlikely that the casual 

listener can identify anything but major changes in 
these parameters without accurate instruments# 

Real-life propagation conditions tend to blur 
changes in transmission parameters that are readily 
predictable on paper# The majority of amateur 
contacts are of a random nature and if propagation 

does not support communication in one direction, it 
vill support it in another* 

Amateurs find to their dismay that they are 
hemmed in by neighbors, power lines, tv antennas, 
building codes, and financial considerations that 
limit the antenna of their choice# In these cases, 
and others, the worth of the vertical antenna sys-em 

cuucluaively proves itself# 
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The VHF Vertical Antenna 


So far no nention has oeen made of the use of the 

vertical anterna on the 6 meter band and the higher 

vhf bands* Antenna polarization plays a different 
role hex.« Lhexe is little if any ionospheric 

reflection on those bands (except possibly on 6 
meters at the peak of the sunspot cycle). 

Vertical polarization is vory popular on the vhf 
bands, principally because a lot of mobile operation 
takes place here, and it is easy to mount a small 

vertical anterna on a vehicle. Most £u rtsptsaLtits are 

vertically polarized, however, some of the DX and 
sideband operators choose horizontal polarization* 
They have no interest in repeaters and it is easier 
to build larce horizontally polarized arrays that 
the vertical equivalents. Many vhf operators have 

both antanna polariatations available and uac one or 

the other depending upon the type of operating they 
are doing. 

The conclusion is that vhf antenna polarization 
is chosen to meet practical operating needs and not 
because one type of polarization is better than 

anothpr. And Hri» comroon-cenco conclusion can Apply 

equally well to the hf region! 


Scaling Antenna Designs 


It may be desired to build an anterna to operate 
at some freauency removed from an amateur band. Tne 
designs shown in this handbook can be scaled to 
another frequency by the following ratio: The new 
dimension equals the original dimension multiplied 
by the original frequency in MHz. The product is 
then divided by the new frequency in MFz. 

For example, assume a 14.15 MHz half-wave element 
measures 33.07 feet (10.08 m) long. What will be its 
new length when scaled to 10.1 MHz? 

The new dimension is equal to 33.07 times 14.15 
divided by 10.1, or 46.33 feet (14.12 it). 
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More About HF Propagation 

High frequency propagation is too complex a 
subject to cover completely in this handbook* For 
those interested in learning more about the subject# 
the following publications are recommenced: 

Jacobs and Cohen# "The Shortwave Propagation 
Handbook"# 2d edition# CQ Book Shop# 76 Ncrth 
Broadway# Hicksville# NY 11601* 

Hall# Woodward and DeMaw# "The arrl Antenna 

Book*"# 14lLi edition# friiejticcm Radio Relay League# 
Newington# CT 06111. 

Computerized Propagation Programs 

Computerized propagation programs have been used 
ror some years by the voice of America, the British 

Broadcasting Corporation and others involved in 
shortwave radio communication* 

A version of a program developed by the U.S. 
Navy has been adapted for use on hone computers and 
is available under such names as "Miniplot ** or 

"HUTploL"• The WUFplot pxogxcuti was dexived fxoiii 

measurements made over a complete sunspot cycle from 
over 4700 test sites on 23 different paths that 
circled the globe* The results obtained from this# 
and other programs# compare favorably to productions 
made by larger computer systems and to actual MUF 

ob3crvationo* 


Chapter 2 


The Radio Ground 


An electrical ground is a common reference point 
in a circuit which is at the same potential as the 

earth♦ Earth is literally taken as "ground", but not 
ail earth provides a good ground, as discussed in 
this chapter. 

The radio (rf) ground is a reference point in any 
circuit at wnich rf voltage is taken as 2 ero. Radio 
and electrical grounds are the same in most 

circuits, but they can be quite different. If the 
resistance (or impedance, to use a tancy tern) 

between radio and electric grounds is very low, they 

tray be assumed to be the same. 

The Electrical Ground 

In house viring the electrical gruuud i» Uie 

equipment ground to which all exposed metallic 
surfaces are connected to reduce shock hazard. Most 
modern home wiring in the USA is a single phase, 
three wire system having one neutral wire (whito), 
one "hot" wire (black, blue, or red) and an 

Qquipment (electric) greund wire (green or bare 

copper), as depicted in Fig. 1. Ths neutral and 
equipment ground conductors are grounded to earth 
at, or near, the distribution transformer or fuse 
block of the residence. 
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Fig. 1 RF ground currents reach earth via the equipment power line as well 
as by the radio ground (arrows). For best radio results, the rf and power 
line grounds should be decoupled by placing an rl choke In the power line 

(see text). 


Separating the Radio (rf) and Electrical Grounds 
Figure 1 shows that two radio ground paths exist 

in tho rirrn-it— t-hp i ntpnTi nnal rpdin pt thp 

mm 

equipment and also the electrical ground at the 
distribution transformer. The later serves as a 
radio ground, whether the operator desires it or 
not, as rf ground currents from the antenna circuit 
can return to earth via both of the paths. The 
unwanted path through the power cable is closely 
coupled to the "hot" conductor and feeds some rf 

energy into the house wiring. This can result in 
unwanted TVI and RF1 in nearby home entertainment 
equipment. 

The radio and equipment grounds can be separated 
allowing each to do its specific tas< bv decoupling 
the power cord to the transmitter through an rf 

choke (Fig. 2). The power cord is simply wrapped 
around a toroid or ferrite rod.This prevents rf 
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F|g. 2 Wrapping the power cord to the transmitting equipment around a 
ferrite core or rod decouples It from :he power line ground, This helpsio 
prevent rf currents from passing down the power cord Instead of going 
tc earth via the radio ground connection at the transmitter. 

currents from passing down the power line instead of 
going to earth via the radio ground connection at 
the transmitter* 

Grourd Conductivity and Resistivity 

Since the days of Marroni, transmitter engineers 
have been concerned witn rf power lost in the 
ground* Early broadcasters made exhaustive studies 
of ground loss* An early description of this 
phenomenon was given by 2*H* Brown in his classic 

"Proceedings of the IRE” article of February# 1925: 
"In the operation of the usual transmitting antenna# 
the conduction current in the antenna diminishes as 
we proceed upward along the antenna* This is 
explained by displacement currents which are assunred 
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to flow in the antenna# through space# to the 
conducting plane belov* This conducting plane 
completes the circuit by forming the return path to 
the base of the antenna* If this plane is not a 
perfect conductor# some power must be expended in 
returning the current to the base of the antenna-" 

A few months later# Brown expanded his view of 
the role played by the ground in radio transmission* 
"Ground systems below an antenna play a dual roLe* 
One function of the ground system is to provide a 
good conducting path for earth currents# so that 
these currents will not flow throuqh a poorly 
conducting earth* The other function is to act as a 
good reflector for radio waves coming from "he 
antenna# so that the vertical radiation pattern will 
be close to that obtained if the earth under "he 
antenna were perfectly conducting". 

Today# radio engineers have a good concept of "he 
role played by the ground in the transmission of 
radio waves, A radio wave striking the ground is 
partially absorbed# causing currents to flow in the 
earth which are attenuated with distance at a rate 
determined by ground conductivity# frequency# angle 

of incidence and wave polarization. Depth of 
penetration of the wave is about S to 10 feet (1,5 
to 3 m) for 75 percent current attenuation in the hf 
region. Thus# ground currents for a particular 
antenna are affected by antenna position and by 
conditions existing on and beneath the earth's 
surface for a considerable distance around the 
entenna. 

Good conductivity (low resistivity) exists in 
moist# flat# rich soil and marshy ground. Poorer 
conductivity is found in pastoral land and forested 
areas. The latter soil is found in much of the USA 
and is termed "average ground". Poorer conductivity 

io found in heavy clay ocil and x’ocky, sagdy eat Lit 

typical of coastal country* Heedless to say# the 
worst ground conductivity is found in built-up 
industrial areas (Table 1)* 
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resistivity 

SOIL OHM-CM 




AVERAGE 

MIN. 

MAX. 

Fills—ashes, cinders, brine wastes 

* * * * 

2.370 

590 

7,000 

Clay, shale, gunbo, loam . 

Same—with va lying proportions of 

sand 

4.0$0 

340 

16.300 

and gravel 

Gravel, sand, stones, with little 

* * • • 

clay 

15.800 

1,020 

135,000 

o r 1 cj 3 m • *> *•*>*• «** •*« • ,, • 

• * t * 

94.000 

59,000 

458,000 


RESISTIVITY, OHM-CM 
(RANGE) 


Surface soils, Icam, etc. .. 

100 — 

5.000 


200 — 

10.000 

Sand and gravel ..... 

5.C00 — 

100,000 

Surface limestoie .. .. 

1O.C00 — 

1.000,000 

Limestones 

III* W V hjr # & 0 £ m **■■■ * * m • ### # •### $ 

‘00 — 

400,000 

CLaIaa 

COO — 

1G,00« 

Sandstone .. . 

2,COO — 

200,000 

Granites, basalts, etc* ....... 

100,000 


Decomposed gneisses .... ...... 

5,000 — 

50,000 

J 0 ^IP ♦ • # ♦ ® $ $ :£ f ,:cn • * # 

1,000 — 

10,000 


•'ll 


Table 1. Resistivities of different soils. (U.S. Bureau of Standards Technical 
Report 108.) 

In all cases, ground resistivity is lower in the 
rainy seasons than in dry weather as ground water 
dissolves the salts in the earth and increases 
conductivity near the surface* 

For the case of the vertical antenna, ground loss 
is important because the electric field of the wave 
cuts through the earth*s surface inducing ground 
currents which must travel through the lossy ground 
lack Lo the antenna* P s a result, there is a 
dissipation of energy that represents power lost 
from the radio wave. 

In addition to power loss in the soil, ground 
resistivity up to a distance of about 10 wavelengths 
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MOISTURE CONTENT, 
% BY WEIGTT 

RESISTIVITY, OHM-CM 

TOP SOL 

SINDY LOAM 

0 

1.000 x 10 ,: 

1,000 x 10’ : 

2.5 

250.000 

150X>00 

5 

165,000 

43.000 

10 

53.000 

18,500 

15 

1,000 

10,500 

20 

12,000 

6300 

30 

6,400 

4,200 

ADDED SALT 


% BY WEIGHT 

RESISTIVITY, 

OF NOISTURE 

OKM-CM 

0 


10,700 

0.1 

:,800 

1.0 

460 

5 


190 

10 


130 

20 


100 


• for sindy loiro—fftoisture content 15% by wt?£ht; ttnpcrature, 17 ? C (63*f). 


Table 2. Earth resistance depends upon type of soil, the amount of 
iiiufoture, and the salt content. Natuxalty occuring salts In the earth dlaoovcd 

In ground water lower resistivity. 


from the anienna affects the low angle radiation of 

the vertical antenna as discussed in the previous 
chapter. 


What Affects Ground Conductivity? 

Ground conductivity (cr resistivity) depends to a 

large extent upon the type of soil, the amount of 

moisture in it# and the salt content. Moisture 
varies with the season of the year# the amount of 

rain# and the depth of the natural water table. Wien 

dry# nost all soils have high electrical 
resistivity and poor conductivity# bat even with a 
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TEMPERATURE 
C F 


For sandy Icam, 15.2% failure 


RES &TIVITY, 
OTM-CM 


20 

68 

7,200 

10 

50 

9,900 

0 

32 (water) 


0 

32 (ice) 

30,000 

- 5 

23 

79.000 

-15 

14 

330,000 


Table 3. tartn resistance is dependent upon temperature. When soil and 
water freeze, conductivity drops and resistivity increases rapidly. 


slight moisture content soil resistivity drops 
rapidly. Naturally occuring salts in the earth 
dissolved in ground water lower resistivity, as 

summarised in Table 2. 

In addition to the moisture content, soil 
conductivity is dependent upon temperature, when 
scil and vater freeze, conductivity drops 
appreciably and resistivity increases rapidly as 
soil temperature drops below freezing. Because of 

thopo effects, soil conductivity varies considerably 

with the seasons of the year, particularly in 
locations where there are extremes of temperature 
(Table 3). 

In the main, ground conductivity, aside from the 
small area directly below the antenna, is 

Uncontroltable because ths total area of signol 

reflection is large around a typical antenna. The 
fact remains, however, that vertical antenna 
performace is nore sensitive to the degree of ground 
conductivity than is an equivalent horizontal 

antenna♦ 

In addition to losses caused by induced ground 

currents, ground resistance is of interest because 
it is in series with the radition resistance of the 
antenna and transmitter pover is divided between the 
two resistances. That power flowing through ground 
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_ 22 _ - 0.5 - 50 % 

36 + 36 

Fig. 3 Ground resistance (Rg) Is In series with feedpofnt resistance (Fa), 
n a Marconi antenna efficiency requires low ground resistance. In this ex¬ 
ample, ground resistance Is equal to the antenna feecpolnt resistance end 
overall antenna effiency is fifty percent. 

resistance is lost so it is inportant to do 
cvcything possible to nake ground resistance low 
with respect to radiation resistance# as discussed 
in the next section* 

Radiation and Feodpoint Resistance 

All antennas exhibit a quality called radiation 
resistance* It is described as that value of 
resistance which# when substituted for the resonant 

antenna# will dissipate the same amourt of power as 
is radiated by the antenna* The actual value of 

radiation resistance of a particular antenna is 
determined by the antenna configuration and its 
placement with respect to the earth and nearby 
objects* The quarter-wave ground plar.e# for example# 

has a radiation resistance of abort 36 ohms# and 
short# coil-loaded vertical antennas show radiation 
resistance values in the range of 0.5 to 30 ohms* As 
stated earlier# radiation resistance is in series 
with ground resistance in an antenna cicuit and a 
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Fig. 4 Ground resistance decreases with depth of ground rod In earth. It 
is an exceptional ground connection that has a resistance of less than 20 
ohms. (“Ground Connections for Electrical Systems”, Peters, U. S. Na¬ 
tional Standards Technical Paper 108, Courtesy "CQ" magazine). 
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high ratio of radiation resistance to ground 
resistance results in an efficient antenna. If “he 
antenna is resonant, the radiation resistance is 
termed "feedpoint resistaace". 

Ground Resistance and Antenna Efficiency 

Ground resistance includes resistance of the 
ground itself and the resistance and reactance of 
the conductor connecting the radio equipment to 

cround. For example, if the radiation resistance of 
e Marconi antenna is 36 ohms (Ka) and the ground 

resistance (Rg) is also 36 ohms, overall antenna 
efficiency i3 equal to the radiation resistance 
divided by the sum of the resistances, as shown in 
Fig. 3. Overall antenna efficiency is 50 percent, 
which means that half the transmitter output pover 

io wasted in ground resistance. 

Values of ground resistance have bean measured as 
high as 200 ohms in very poor soil, and it is an 
exceptional ground connection that has less than 20 
ohms resistance (Fig. 4). Even at this low figure, 
overall efficiency of the example antenna drops to 

64 percent. And if an antenna has a radiation 

resistance of only an ohm or two (as nay be the case 
with a short, coil-loaded antenna), efficiency dreps 
to only a few percent! It is clear chat low ground 
resistance is important where antenna efficiency is 
concerned and this chapter tells you how to obtain a 

gr»nd . low-loss ground. 

mm W mT 

The Ground Connection 

A simple means of making a radio ground 

connection is to drive 3 metal rod into the earth 

aid to oonnprt thp radio oquipenont to it. A singlo 

ground rod, even if driven into soil of good 
conductivity, will not produce a low-loss ground 
cnnection as it does not contact enough of the soil. 
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Fig. S Cnncratn-'ilfod rirlvn pipA mak<*s fob of driving ground rod easier. 
Butt end of ground rod is slipped into drive pipe and upper end of rod Is 
driven downwarcs with the driver. When the drive pipe cylinder approaches 
ground level the driver is reversed and short section used as the drive. 
(Drawing courtesy of “Interferencs Handbook", Radio Publications, Inc.) 


Multiple ground rods connected in parallel will do a 
better job* 

A practical ground rod, readily available at 
electrical supply stores, is the Hubbard 9616 which 
is 3/6-inch (0*63 cm) diameter and 8 feet (2.44 m) 
long* The rod is steel core for easy driving and 

copper coated for good electrical conductivity* The 
rod is driven into the ground until only the top 

soil* A single rod, driven 

will provide a 
of about 20 to 
about 5 feet (1.5 m) apart and 
with a heavy copper strap will 


clears the 
good conductivity, 

G 

ground rods 
connected together 



into soil of 
radio ground 
30 ohms* Two 



drop the ground resistance by half. 
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SCILTRCATwO MTEftlfci. 
•VACtO IN CR3UIAR TRENCH 
AND COVERED VITH EARTH 



Fig. 6 The trenchmethod of chemical soil treatment far ground rod. ("Prac¬ 
tical Grounding Principles and Practices for Securing Safe, Dependsble 
Grounds**. Coppsrweld Corp. f Glassport, PA). 


The Cround nod Driver 


If the job is done right, it is net difficult to 
drive a ground rod into the soil. A steel p>st 
driver (available at a tool rental service) can be 
used, or the ground rod driver shown in Fig* 5 can 
be made up. The driver rnnsifii-R of a concroto filled 
steel cylinder with a driving pipe on one end and a 
cuide pipe on the other. 

To start the job, a hole about a foot (0.3 m) 
ceep is dug at the location for the ground rod. The 
top end of the rod is slipped into the long section 
cf the driver. This prevents thp rod from buckling 
when the going gets difficult. The rod is centered 
in the hole and driving is started. Soaking the 
earth with water makes the job easier. A small 
ladder is required at first to allow the operator to 
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deliver a sound blow with the driver. Using six inch 
blows r the rod penetration into the oarth is 

started. Once a foot or two of the rod has entered 
the ground# longer strokes can be used. Continue 
I this until the rod is as far into the ground as it 
kill go using the long (guide) section of the 

driver. 

At this point# the driver is reversed and the 
1 short section is slipped over the ground rod. 

Continue driving until the top of the rod is just 

above ground level. If multiple rods are used# 

connect them together with heavy wire or strap. 

Some amateurs dig up the soil before the ground 
rod is driven and mix rock salt and gypsum (60-40 
^proportion) into the soil# which is than watered and 
tamped down. Created soil is corrosive and should 
not touch the ground rod# so treatment is usually 

(confined to a circular trench a'uuuL Liie red (fig. 

6 ). 

Chemical treatment is not a permanent cure for 
high ground resistance as the chemicals are washed 
or leached away by rainfall and natural drainage 
(through the soil. Care siould be taken with this 

form of treatment aa it may seriously pollute ground 

water. If the house gets water from a nearby well# 
the effect of pollution should certainly be 
investigated. Chemical treatment has the advantage 
of reducing seasonal variation in soil resistance 
that results from rainfall and runoff '(Fig. 7). 

Use the Home Plumbing System as a Ground? 

Many residences are plumbed with copper water 
pipe that is soldered at the joints. This comprises 
a large area of metal in proximity to the ground and 

which ic grounded at come point along ita length* A 

ground connection to a cold water pipe has worked 
well for many amateurs trying to obtain an easy and 
inexpensive ground. 
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Fig. 7 Seasonal variation of earth resistance with 3/4-lnch pipe driven in 

ctony, a lay aoii. Dapth of olaoirodoin oarth ie 3 foot for curve 1, and 10 

feet for curve 2. 

At W6SAI a satisfactory radio ground for 160 and 
EO meter operation is made to a convenient copper 
cold water pipe, the house plumbing then being 
oonnected to around reds at each end of the 
residence. 

If you are fortunate enough to have a yard 
sprinkling system consisting of copper pipe and 
soldered fittings, it will serve as an excellent 
ground, within the limits imposed by soil 
conductivity. Iron water pipe in the ground or in 
the house makes a poor ground connection because of 
the glue-like insulating material sheared on the 
joints before the pipes are connected. 

Length of the Ground Connection Wire 

An effective electrical ground can he ruined as a 
radio ground by an overly long ground connection 
wire, A rough rule-of-thumb for an effective radio 
ground wire length is that the length in feet shotld 
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r.ot be longer than one-ter.th the operating frequency 
in meters* For example# a ground wire for 160 meter 
operation may be up to 16 feet lone, but a grojnd 
vire for 20 motors should be less than 2 feet long! 
?his imposes a major restriction on the user as it 
:s impossiDie to achieve short grounc leads in most 
amateur installations* 

The necessity for a short ground lead is brought 
about by the fact that any wire has reactance 
^resistance to the flov of radio energy)* Wire 
reactance can be reduced by shortening the wire# and 
using a wire having a large diameter, zf the radiu 
ground lead reactance is too high# the wire acts as 
a high impedance circuit# isolating the equipment 
from true ground! 

The situation is even worse if the station 
equipment is located on the second# or higher# floor 

of a building. How io a good radio ground obtained 

in this case? 

The solution to the problem is to place zhe 
ground connection at the antenna site instead of at 
the station* Either a direct ground connection or an 
artificial electrical ground can be used at the 

fcodpoint of tho antonna. All that ie required at 

KB 

the station is an electrical ground for shock 
prevention* This connection can be made to the 
ground wire of the electrical system# or to a copper 
cold water pipe* Other ground connections are 
discussed later in this chapter* 

The Series-tuned Ground Lead 

An effective technique to electrically place a 
far away ground point directly at the radio 
equipment is to use a series-tuned ground lead 
iFig.8>. This circuit* when proterly adjusted, 
reduces electrical ground lead length to virtually 
zero. An inductor and variable capacitor are placed 
in series with the ground lead at the equipment* The 
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Fig. 8 The series-luned ground leed. Inductor and variable capacitor are 
:onnected in series and tuned tor maximum ground current during transmit¬ 
ter operation. Preliminary adjustment can be made with equipment off and 

jiip oscillator coupled to coil. Capacitor and inductor are adjusted for 

'esonance indication at operating f'equency. Indicator bulb is aborted out 
after adjuatments are completed. 

capacitor is adjusted to provide series resonance of 
the ground lead at the operating frequency. 

Resonance is now nsfcnh* i shpd hy placing an rf 

thermocouple ammeter in the ground lead and 
adjusting the capacitor for maximuir ground current 
during transmission. If a thermocouple meter is 
unobtainable# a 6.2 volt, 3.9 ampere lamp (Chicago 
1133# or equivalent) will do the job for a medium 
power transmitter- Onrp rpcsonaneo has boon 

established# the bulb (or meter) is shorted out. 

The ground circuit is tuned to the operating 
frequency and if this is varied# the circuit will 
have to be retuned. If operation on several bands is 
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desired, a tapped coil must be used to allow circuit 
flexibility# 

This technique is especially effective if the 
antenna terminates at the transmitter, as in the 
case of the Marconi, and the radio ground connection 
coast be made at that point# 

The Artificial Radio Ground (Radial Ground Wire) 



■ 


to the 


The radial ground wire (sometines called a 
counterpoise) is a simple artifical rf ground that 
is very effective at placing the radio equipment at, 
or near, actual earth ground potential.lt may be 
used alone, or in conjunction with another ground 
connection# Sometimes on the higher frequency bards 
(10 or 15 meters, for example) it is difficult to 
gat a good ground and the operator finds the 
transmitting equipment is "hot". He may even get 
•bitten* by rf that appears on the microphone l The 
radial ground wire will cure this annoying problem. 

In its simplest form, the radial ground is an 
insulated wire a quarter-wavelength long at the 
operating frequency# One end is connected to the 

ground terminal of Lhe Ltau&mi LLer and Lite uuuuaiLt; 

end is left free# The //ire is led away from the 
transmitter ir. a random direction, either outdoors 
or indoors (Fig# 9). The far end of the wire is 
taped to prevent contact, as it may be "hot" with rf 
energy and could causs a rf burn to anyone 

unfortunate crough to toucr* it while the tranomittcr 

is operating. 

As the radial ground wire is resonant, it 

functions only on the oand for which it is cut. 
However, several radial wires cut to different bands 
may be attached to the transmitter ground terminal 

for multiband oporation. 

Placement cf the radial wire is not critical# It 

is usually run in the hori2ontal plane, along the 

floor of the radio room tacked against the wall, or 


outdoors 
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Fig. 9 Operation of Marconi or ary end-fed antenna is improved when a 
radial ground wire Is used along with a ground conrection. A single radial 
wire is needed I or each band of operation. Wire is cut to quarter-wave 
resonance. (Racial length for 160 meters Is 132 feet; for 80 meters, 65feet 
and for 40 meters, 33.5 feet.) Drawing courtesy of "Wire Antennas", Radio 
Publications, Inc.) 

perhaps out the window and along the wall of the 
house. For the lower frequency bands, where the #ire 
is quite long# it can be run through bushes and 

around the yard, a few inches above the ground. 

The Ground Radial System 

An outgrowth of the radial wire is a ground 
radial system composed of a number of wires run 

radially out from tho ;rangmittar or tho antanna 

site. The wires may be buried a few inches in the 
ground, or run above the ground surface. Broadcast 
stations, which pay dearly to obtain the best 
possible ground system, generally rur out 120 wires, 
each a quarter wavelength long, from the base of the 

antonna; tho radials aro spacod radially 3 dogroos 

apart. When properly Installed, this provides a 
ground system with a resistance of 1 ohm, or less. 
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Such a conprehensive ground system is beyond the 
pocketbook of most amateurs, but the idea is a sound 
one* It must bo emphasized, however, that ground 
lasses decrease as the number and length of radials 
increase* Experiments have indicated that a ground 

radial flysf-Am consisting of SO above-ground radials, 

0*2 wavelength long, fanning out from the anterna 
base, provides a good ground system with an average 
resistance of under 5 ohms* A more modest 
installation consisting of about 15 radials, C.l 
wavelength long, has higher resistance but has 

|| worked well for many pmpfpinr^. Such a system, v/hon 

tied in parallel with one or more ground rods, is an 
^inexpensive, easily installed ground* The radials 
I can be laid atop the ground, or buried a few inches 
l|iby slitting the soil with a "Ditch Witch*' trencher, 
■{^available on a rental basis from many heme 
|p improvement centers* Burying the radials does nnt- 
tfl'inprove the efficiency of the system, it merely 
Jl|prevents people from tripping over the wires* 
lit: To combat corrosion caused by acidic ground 

t water, neoprene covered aluminum wire is recommended 

111 for buried radials* 

■ ' 

jS The Ground Screen 

J|: Experiments conducted by Arch Doty, Jr* (K8CFU), 

John Frey (W3ESU), and Harry Mills (K4HU) described 
ajfcitt the 1983 bulletin of the "Radio Club Of America" 
have shown that the traditional ground radial system 
composed of a number of buried or surface wires can 

I *» 

be equalled or bettered by the use of an elevated 

ground screen situated about 6*5 feet (2m) above the 

\ , <,*** 

:jf§i&arth # s surface*(Fig* 10), The screen is composed of 
J|a number of radial wires, connected together at 
Mtheir extremities, runninc parallel to the ground* 
Ground screen etticiency is high as resistive losses 
ate low, and the screen shields the antenna return 
currents from the poorly conducting ground beneath 
the screen* The earth currents which normally return 






ANTENNA 

BASE 


Fig. 10 Ideal ground screen consists of SO insulated wires run radially out 
from vertical antenna base. Wires 3re connected together at their outer and 
Inner tips, if possible, radial screen should be elevated, although good 
results have been obtained with screen lying on the ground, or buried just 
below the surface. Each wire Is 0.2 wavelength long. 
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to the antenna through the ground now enter the 
ground screen instead of the lossy earth. A ground 
screen composed of 50 insulated wires about 0*2 
wavelength long fanning out from the base of the 
antenna makes a radio ground as effective as 220 
Burled radial wires* 

Even though the ground screen takes up 
'considerable real estate and is cumbersome to 
install# it is sometimes used on the 80 and 260 
meter bands by DX-minded amateurs having vertical 
antennas* 

A Practical Ground Screen 

Experiments have been conducted with a wire mesh 
screen laid on the ground instead of suspended 
overhead* Robert Sherwood# WBOJGP# ran experiments 

ion a 36 foot <11 m) high aluminum tubing vertical on 

ll.8# 3.6 and 7.2 MHz. various shapes and sizes of 
ground screen under the antenna were tested to find 
j;a combination that provided a low loss# ground 
return circuit. 

One of the best systems tested consisted of two 

ilangthe of chJckon wiro laid out under the antenna 

in a form of a cross# with the antenna at the center 
of the cross. One length of chicken wire was 45 >: 2 
feet (13.7 x 0.6 m) and the other was only 30 >: 2 

feet (9 x 0.6 m) because of space restrictions. 

When compared to a theoretical antenna over 

parfpot gronrH this wire installation provided a 

feedpoint resistance of 48 ohms on 40 meters# 9 ohms 
on 80 meters and 2 ohms on 160 meters. Anter.na 
(efficiency was 67 percent on 7.2 MHz, 62 percent on 
3.6 MHz and 25 percent on 1.8 MHz. 

The efficiency figure on 160 neters is rot 

spectacular, hut in nrripr to rai rp it pn appreciable 

anount a more complex ground system and higher 
antenna are required. Top loading would be of 
benefit# as vould increasing the size of the ground 
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Fig. 11 Ground plane radials provide M radio ground" a! the base of an 
elevated vertir*l Antenna. Radials are resonant at the operating frequen¬ 
cy. if a sufficient number of radla s are used, no radiation takes place from 
tham. A minimum of three radials Is required and some amateurs prefer 
as many as six radials. 

An additional aspect of wire screening is that 
it may be added to an existing ground radial system 
at little cost and effort* It also makes a good 
installation for a portable or Field Day site, 

(This ground screen system is fully described in 
the May, 1977 issue of "Ham Radio” magazine,) 

The Resonant Radial System 

The resonant radial vertical antenna (popularly 
called the ground plar.e antenna) provides its own 
radio ground at the base of the antenna by virtue of 
quarter-wave, tuned radials run out in a horizontal 

plane beneath the antenna (Fig, 11), If a sufficient 
number of radials are used, no radiation takes olace 

from them, A radio ground point is thus established 
at the base of the antenna where it is needed. 

As the radials form a tuned system, they must be 
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isolated from ground and nearby metallic objects, 
ijfce radial tip3 are "hot" with rf energy and should 
ihot be touched during transmitter operation. 

If In order to preserve the orani-directivity of the 
ground plane antenna, a minimum of three radials is 
[re 3 ui re( ^* Some amateurs prefer as many as six 

and nost manufactured antennas have four 
• As long as there are three or more, the 
Isx&ct number of radials is unimportant when 
antenna base is well clear of the ground. 





Ground Loss Under the Ground Plane Antenna 


above 


were run by Willy Sayer, WA6BAN, on a 7 
MHz ground plare whose radials were 3.5 feet (1.1 to) 

ground. An overall efficiency of 62 percent 
va 3 measured when four radials were used, indicating 
about 3e percent of the output power vas dissipated 

loss. When the number of radials was 


in ground 
increased to eleven, antenna 
about 80 percent. Finally 
brought antenna efficiency 
These results show that a 

i f ■ 

ate itsuuiied wlieji c* uiuuud 

close to the gzound. 


efficiency increased to 
a total of 22 radials 
up to over 90 percent, 
large number of radials 

plane anUenna is mounted 


Sloping Radials 
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When the radials lie in the horizontal plane, no 

ion takee place from them and the feedpoint 

resistance of the antennas is about 36 ohms. If the 
radials are sloped downwards (to act as supporting 
guy wires for the installation, for example), they 

radiate as antenna sections and the 

resistance of the ground plane antenna 

the radialc clopo downwards at an 

40 degrees from the horizontal the 
resistance of the ground plane antenna is 
match to the popular 50 ohm coaxial 

transmission line (see chapter 5). 
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radiation 
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The Radio Ground--The Final Word 

Ground system losses dissipate a portion of the 
transmitter power, reducing the field radiated from 

the antenna* The losses are equivalent to the power 
dissipated in a resistor in series with the antenna 

radiation resistance* Local ground conductivity data 
is rarely available so the best possible ground 
system should be used with the vertical antenna* 

George Brown of broadcast antenna fame summed it 
all up in 1937 when he said, "Too much emphasis 
cannot be given to the fact that, vhere direct field 
intensity along the ground is the sole aim, the 
ground system is of more importance than the antenna 
itself 

With regard to the higher frequency bands, where 

antenna size is relatively small, ground loss can be 
reduced by raising the vertical antenna and using a 
resonant radial system (ground plane) clear cf the 
earth. This decreases the influence of the earth 
under the antenna and is the reason why three or 
four radials are sufficient for hf and vhf ground 
plane antennas mounted a half-wavelength or more 
above the earth* 

Because the ground plane technique avoids most of 
the problems associated with e direct ground 
connection, it is a sinple and practical device that 
can be usee with success by radio cmateurs on tne hf 

and vhf bands* More about this popular antenna in a 
later chapter* 

Summary: a ground screen is better than raiials 
placed on# or just beneath,the surface of the 
ground* Radials are better than multiple ground 
rods. Longer radials are better then shorter ones. A 
lot of radials are better than a few* Multiple 
ground rods arc betlm titan a aijtgla gx.uuud xod* And 

a single ground rod is better than nothing! Resonant 
radials are discussed in chapter 5. 




Chapter 3 


Practical Marconi Antennas 


Hf Marconi found early in his experiments that if he 
grounded one terminal of his spark oscillator and 
I connected the other to a vertical tsire his radio 

i 't 

■range was greaily extended. He discovered that his 
Sartenna worked nest when the length was a function 
of the wavelength of the transmitter. His tuning 
| system was rudimentary and he probably did not 
comprehend what most amatevrs understand today: any 

,8 '!': fj v. ft'-feji i v ■ v,v Mi Mi 

^length of wire can be resonated to any frequency 
||provided the correct tuning system is used. 

f The "Mirror Effect" of Ground 

The fundamental antenna building block is the 
| half-wave dipole, and most horizontal antennas arc 
|||hade up of half wave elements. However, the vertical 

antenna can take advantage of Llie yxuuud which acts 
as an electrical mirror. If a quarter-wave vertical 
antenna is used, the mirror-effect takes up the 
■missing quarter wave portion as shown in Chapter 1, 
R) Pig. 3. This is the basis cf the Marconi antenna. 

The current distribution in a quarter-wave Marconi 

'Antenna resembles that in half of a dipole, UidL ii», 

a ninimum value at the free end and a maximum at the 
base, or feed point. The rf voltage on the antenna. 
On the other hand, is a maximum value at the end and 
a minimum at the base. 
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Fig. 1 Electrical characteristics of antenna can be visualized as resistor In 

sorioo with reaetanco. The reolotor represents the radiation resistant? end 

the reactance represents Ihe capacitive or Inductive characteristic of the 
antenna. For a resonant antenna, the reactance Is zero. 


Radiation Resistance of an Antenna 

The radiation resistance (R) at a point in an 
antenna can be described as the ratio of the voltage 
field about the antenna (E) divided by the current 
flowing in the antenna (I). Or, in terms of Ohm's 
Law, radiation resistance, R*E/I, At the high 

current feedpoint of the Marconi antenna* Ohm's law 
shows that the radiation resistance is low* As an 

example, a quarter-wavs vertical Marconi antenna 
above perfect ground exhibits a radiation resistance 
half the value of a dipole, or about 36 ohms* Values 
of radiatior resistance smaller than this figure are 
recorded for shorter antennas, and qreater values 
are measured for antennas somewhat longer than a 

quarter wavelength* When the radiation resistance is 
measured at the feedpoint of the antenna it is 
called "feedpoint resistance 
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The "Radio Ground" 

Illustrations and ciscussions in this and 
following chapters refer to a "radio ground". Th;s 
describes a ground termination for the antenna. It 
if usually located at the base of the vextical 
antenna and nay consist of ground rods, radial 
wires, a ground screen, or a combination of all 

' j|Fy,, * j, •” 

three. Refer to chapter 2 for a discussion of ground 
connections. 

Antenna Feactance 

j Unless the antenna is resonant, a quality called 
preactance" is found at the feedpoint. Reactance is 
|the inertia offered to the flow of rf current 

([through a coil or capacitor that plays a part 

|aimilar to rosistanco in a dc circuit. Roactanco ic 

measured in ohms, just as in the case of resistance, 
file amount of reactance at the feeSpoint of an 
antenna is a function of antenna length and 

diameter. when the antenna is shorter than 

||Mjj| if ii'" 

(resonance, the reactance is negative (capacitive) 

|and when longer, rpnrMnrp ie poRihiva ( *»nrtnrhivp! . 

|At antenna resonance, reactance is zero. 
j§ v: At frequencies near resonance, an antenna can be 
considered as a circuit consisting of a resistance 
and reactance in series (Fig. 1). To establish a 

match to the transmitter or to a coax line, the 
antenna reactance must be cancelled by an equal 
^reactance of the opposite sign. This is accomplished 
by the addition of an external network to the 

antenna circuit. The network may be a3 simple as a 
loading coil or as complex as an impelance matching 
tuner. 

1 The Quarter-wave Marconi Antenna for tne Low Bands 

A good Marconi antenna for the lo*/er frequency 
amateur bands consists of a quarter-wavelength wire 
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Rg. 2 Radiatloa resistance and reactance of antenra are a function oi anten¬ 
na length and diameter. The shorter the antenna, the lower the radiation 
resistance anc the higher the loss due to ground resistance. 

ue*d with a ground termination. lie main virtue ic 
that it is cheap and easy to erect and its main 
disadvantage is that it is subject to high ground 
losses unless carefully installed. 

In practice, the wire may be any length from a 
small fraction of a wavelength to many wavelengths, 

and Still ho rl .irri f i ori ns* n Mni-rnni *nt*onnn. 

Radiation resistance and reactance of a Marconi 

antenna are a function of length as illustrated in 

Fig. 2, and it is easy to see that the shorter the 

antenna, the lower the radiation resistance and the 

higher the loss due to ground resistance. 

A Marconi antenna for the lower frequency amateur 
bands is shown in Fig. 3. The far portion of the 

antenna may run parallel to the earth to reduce 

overall antenna height. Only the vertical portion of 

the antenna provides low-angle radiation. The 
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Flo. 3 A simple wire Marconi antenna tor the low frequency amateur bands. 
Only the vertical portion of the antenna provides lew-angle radiation. 
Horizontal portion provides some high angle, horizontally polarized radla- 

Jkn. Antenna should be suspended so that horizontal portion Is 20 to SO 
feet above ground. 
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horizontal section provides seme horizontally 
polarized, hich angle raiiation but because the 
current in this portion of the antenna is low, 
radiation is also low* 

2 As the horizontal portion of the antenr:<* 
increases at the expense of the vertical section, 

the radiation resistance of the antenna decreases, 

*&»*>*> 

as it is a function of the ratio of the vertical 
height to the operating wavelength* 

A simple installation is a quarter wavelength 

Wire susoenaed zu to 00 feet (6 to 13 n) in Ui« aix. 

|» • 

The radiation resistance is of the order of 10 to 15 
ohns and average ground losses bring the feedpoint 
resistance close to 25 ohms. The anrenna can be 
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Fig. 4 A practical Marconi antenna with matching ayetem for 160 mater 
operation. Antenna resonance isestabllshed with series inductor anc match 
is adjusted with shunt-connected coll. 

matched tc a 50 ohm food system by a simple network 
which consists of the antenna itself plus a shunt 
coil across the feedpoint. The antenna is cut 
slightly shorter than resonance to provide a degree 

of capacitive reactance# and the shunt inductor 
cancels this reactance. This action provides an 
equivalent circuit with a feed point resistance of 
50 ohms. 


A Practical 160 Meter Marcord Antenna 

A 160 meter version of the basic Marconi antenna 
has a passband between the 2-to-l SWR points as 
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on the coax feedline of about 70 kHz. That 
when the antenna is adjusted for 1965 kHz, it 
provide low SWR ovor the range of about 1930 to 
kHz (Fig.4). The natural resonant frequency of 
antenna is higher than .normal (about 2,02 MHz) 
is lowered in frequency oy the addition of a 

ies-connected loading coil (RESONATE) at the 

of the antenna. Antenna resonance can be 
dcwn to 1800 kHz with this coil and 
e matching is accomplished with shunt coil 
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AuL^uitd dd jusUncnt is simple and rapid. The 
Ifeedline is disconnected from the antenna and a two 

_ coil between antenna feedpoint and ground is 

Ptenporarily installed instead of LI. A dip meter is 
coupled to the coil. The frequency of the dip meter 
checked in a nearby receiver. The loading coil 

(RESONATE) io adjusted for resonance at 1900 kHz aul 

“xhe coil LI is replaced in the circuit. The shunt 

(MATCH) is now adjusted for lowest SWR on the 
•coaxial line to the transnittor. The coil settings 

logged and the transmitter moved lower in 
frequency by 25 kHz. Resonance is again established 

adding turns to coil L2 and the new coil setting 

(The setting of coil LI may have to be 
adjusted slightly.) This process is repeated at 25 
2 intervals down to 1800 kHz. Finally, a tuning 
chart is made to permit quick frequency changes. 
Once a particular resonant frequency logging has 

n AQtAblishod for tho antonn;, froquonoy 

■excursions of up to plus or minus 25 khz may be mads 

this point with no adjustment to the inductors. 
As pointed out in the previous chapter, it is a 
idea to decouple the transmitter from the 
AHn-jp^ent ground by winding the power cord of the 

Unit around n fprrite c oro. This makes tho radio 

ground do its job and reduces the chances of RFI and 

caused by unwanted coupling between the 

and the power line. 
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TV RIBBON LINE 



WIRE 


RAOIO 

GROUND 


FREQ. 

(MHz) LI L2 L3 


1.85 

126.5 

109.0 

18.0 

1.95 

120.0 

104.0 

16.0 

3.60 

65.0 

53.3 

11.7 

3.80 

61.5 

50.4 

11.1 

7.10 

32.9 

27.0 

5.9 

10.1 

23.2 

19.0 

4.2 

14.1 

16.S 

13.6 

3.0 

18.1 

12.5 

10.6 

2.3 

21.2 

11 r 

9.0 

2.0 

24.9 

9.4 

7.7 

1.7 

28.6 

8.5 

6.7 

1.5 

50.1 

4.7 

3.9 

0.8 


(FEET X 0.348 

= METERS) 


Fig. S THp fnlrfprf Marconi antonna provides foedpolnt resistance €top-up 

by a factor of four. This antenna having a feedpoint resistance of 15 ohms 
will have a value of 60 ohms when a two wire arrangement is used. Second 
wire is grounded at the feedpoint. Antenna may be made of TV “ribbon line" 


H velocity of line Is taken Into consideration as shown in drawing (B). 
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The Folded Marconi Antenna 

A good way to make the Marconi antenna less 

to ground resistance is to raise its 
feedpoint resistance. This can be done by making the 

out of two cquel-length, elu&ely spaced 

wires connected in parallel at 
the far end (Fig. 5A). Antenna current is divided 

between the wires when ore is fed and the other 

the feedpoint. The feedpoint resistance 
of the combination is increased by a factor of four 

over a. single wire* Thus a 15 ohm Marconi antenna 

will have a feedpoint resistance of 15x4»60 ohns 

the two-wire antenra is substituted for it* 
This is a good design tc use if the height above 

of the horizontal portion of the antenna is 








The "Ribbon" Folded Marconi Antenna 
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| The folded Marconi antenna can be made of a length 
of TV "ribbon line" if the velocity factor of the 
line is taken into consideration* For 300 ohm flat 
jjjLine# the factor is O.R7. and this portion of 1 ->ia 
antenna (L2) is made of tv ribbon line, with the 
remaining section (L3) consisting of a single wire 
(Big* SB)* Representative antenna dimensions for the 

frequency amateur bands are shown in the 
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The extended Marconi Antenna 

I Another technique used to boost the radiation 
resistance of the Marconi antenna is to extend the 

beyond a quarter-wavelength. Two lengths that 

work well are 0.28 and 0.31 wavelenqth. The first 
length provides a close rratch to a 50 ohm coax line 
ar.d the second to a 75 ohm line. Both designs 
require a series tuning capacitor to cancel the 
ir.ductive reactance, and to establish antenna 
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FREQ 

50 OHMS 

70 OHMS 

C(pF| 

(MHz) 

L 

L 

(APPROX.) 

1.85 

141.6 

1S6.8 

500 

1.95 

134.4 

148.7 

500 

3.60 

72.8 

80.6 

300 

3.80 

69.0 

76.3 

300 

7 10 

36.9 

40.0 

160 

10.1 

25.9 

28.7 

110 

14.1 

18.6 

20.6 

75 

18.1 

14.5 

16.0 

60 

21.2 

12.4 

13.7 

50 

24.9 

10.5 

11.7 

45 

28.6 

9.2 

10.1 

35 

29.2 

9.0 

9*9 

30 

50.1 

5.2 

5.8 

25 


(FEET X 3.3048 ** METERS) 


Fig. 6 Extended Marconi antenna la longer than a quarter-wavelength. 
Length Is chosen so sb to mBtch either a 50 or 75 ohm nnnv tin* 
capacitor tunes aut Inductive reactance of antenna. 
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JUMPER STRAP 


3" 


COAX TO 
TRANSMATCH 
AND SWR 
METER 

RADIO Jr 

GROUND ‘ 




INSULATING 
SPACERS AS 
NECESSARY 


0.375A = 


351 

/(MHz) 


coc'N L 

• • 1 1C **£ 

(MHz} 


1.35 

3^60 

3.80 

7.1 

10.1 

14.1 

18.1 
21.2 


189.7 

180.0 

97.5 

92.4 

49.4 

34.8 

24.9 

19.4 

16.6 


24.9 14.1 

28.6 12.3 

29.2 12.0 

50.1 7.0 


(FEET X0.3048 = METERS! 


Rg. 7 The extended, folded Marconi antenna provides high step-up of feed 
point resistance. Unfed wire Is not grounded. If all of the antenna Is ver 
tical, the teedpoint resistance is about 145 ohms. 
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resonance. The capacitor setting and antenna length 
are adjusted for lowest value of S>?R on the line 
from antenna to transmitter. Fig. 6 provides typical 
antenna dimensions for the hf bands. 

Both of these extended antennas are very 

effective and their uoc io recommended provided a 

good ground is used and enough real estate is 
available for installation. 

The Extended# Folded Marconi Antenna 

A folded version of the extendod Karooni antenna 

is shown in Fig. 7. The antenna is 0.375 wavelength 
long. Notice that the unfed wire is not grounded# as 
is the case with the shorter# folded antenna design. 
Because the currents in the two wires are not equal 
at a given distance from the feedpoint# use cf tv 
ribbon line is not recommended- A praot-.inal dpsign 
consists of two no. 12 wires or aluminum tubing# 
separated by 3 inch (7.6 cm) insulating spacers. 
Feedpoint resistance of this antenna is about 145 
ohms if the whole antanna is vertical# dropping to 
about 60 to 80 ohms# depending upon the ratio of 

vertical to horizontal length. Because of the high 
feedpoint resistance# this antenna is recommended 

for use ir areas with high values of ground 
resistance. A matching transformer can be used at 
the base of the antenna# or a Transmatch at the 
station end of the line will reduce the system SWR 
to a small value. 

The Very Short Marconi Antenna 

In some cases is Is impossible to put up a 
full-size Marconi antenna and a shorter version is 

required. There is nothing wrong with this# provided 
the user understands the tradeoffs involved. As the 
Marconi is shortened below quarter-wave resonance, 
the radiation resistance drops rapidly and 
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(negative) reactance increases (see Fig. 
Reducing the antenna size to one-eighth 

# for example, drops the feedpoint 

resistance from 36 ohms to a value of about 8 ohms. 

reactance increases from zero to 

about -400 ohms# the exact value depending ujuii 

diameter, when the reactance is cancelled 
out, the same value of ground resistance provides a 
loss about two and a half times greater than t.aat 
realized with a full size antenna. It takes a very 
good ground system and an efficient matching network 

.LO moke a short Marconi antenna work ao well a o a 

tong one. Nevertheless, a short antenna can be very 
■useful if nothing else is available. 
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leaking the Short Antenna work 
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a short Marconi antanna, the mi <?^i ng 

of the antenna cakes the form of a loading 
coil# or irductance# placed in series with the 
antenna. Ideally# the coll should bo air wound# or 
vound on a ceramic form# and be inclosed in an 
insulating, waterproof container. 

A dA<ti xahl a gr*a 1 nf loading is tn increase 

effective length of Che antenna carrying 
greatest portion of the current. A loading coil 

at any point In the antenna but is 
when it is placed at# or near# the 
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placed 
effective 
point. 

When the coil is placed near the feedpoint of the 
antenna# current through the coil is high and ooil 
losses are correspondingly high. ?he greater the 
distance of the coil from the feedpoint# the lower 
the current in the coil and the lower the ooil 
Losses# but the larger the coil must be to maintain 
resonance. Theoretically, if the coil were located 
at the end of the antenna# it would be infinite in 
size. As a result# a compromise between coil size 
and loss indicates placement near the center point 
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GROUND 


ELEMENT D!AM. s 1-mr.h 

(0.25 inch for 21.2 —50.1 MHz) 

Xi, X 2 , Closewound 
v/Uh No. 14 Enamel Wire. 



COL APPROX. 


FREO 

L» ^ 

X, 

x 2 

DIAM.iin.) 

TURNS 

(Ml Iz) 

(nr.) 


•' ft H) 

(X, 


(X, 

X, 

1.B5 

3‘.62 

71.4 

3.8 

3 

2 

30 

7 

1.95 

30.00 

67.2 

3.6 

2 

2 

28 

/ 

3.6 

16.25 

32.9 

1.9 

2 

2 

30 

5 

3.8 

15.40 

30.9 

1.8 

2 

2 

29 

5 

7.1 

8.23 

14.8 

1.0 

2 

2 

17 

3 

10.1 

5.79 

0.7 

0.7 

2 

1 

13 

4 

14.1 

4.14 

6.5 

0.5 

2 

1 

10 

4 

18.1 

3.23 

4.8 

0.4 

2 

1 

8 

3 

21.2 

2.75 

3.9 

0.3 

2 

1 

7 

3 

24.9 

2.34 

3.3 

0.3 

2 

1 

7 

2 

28.6 

2.00 

2.9 

0.3 

1 

1 

11 

2 

29.6 

1.97 

2.7 

0.2 

1 

1 

10 

2 

50.1 

1.16 
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0 1 

1 

1 

6 

2 


(FEET X0.304B = METERS- 
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fig. 8 Center loaded element makes short antenna practical. Data is given 
fcr all high frequency bands. Design frequency for each band Is Indicated. 
u|a Jjusting top secticn of antenna or mmber of turns In loading coil will move 
j|fdesign frequency higher or lower In tie band. Base shunt coll provides In- 
pedance match to SO or 75 ohm coax line. 
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of the antenna- For 

JpijLliC coil is often placed 

with good results* 

* 

Shown in Figs* 8 and 9 are coil-loaded antenna 
designs for the high frequency bands that allow tie 
user to build a Marconi antenna of moderate size* 
[Element diameter is 1-inch (2.54 cm). A larger 

||| Is 

d-tor olomant roquiros slightly less inductanro 

in the loading coil, whereas a smaller diameter 
element requires moro inductance. Feedpoint 
resistance of these antennas is quite low and they 
are matched to a 50 or 75 ohm coax line with a 
simple L-network matching coil, as described 

a" in thi«? handbook. 
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Building a Coil-loaded Anterna 

A popular and practical mechanical design for a 
coil-loaded vertical antenna is shown in Fig. 10. 
The lower section of the assembly is made of 
sections of a heavy-duty, TV-type M slip-up M mast and 
the top section above the coil is made up of lengths 

of telescoping aluminum tubing. The ar.tenna is held 
in position by three guy wires attached just below 

the loading coil. 

Coil construction depends upon size. The assembly 
must be rugged as it supports the antenna section 
above it. A practical design makes use of a section 
of PVC plastic pipe which forms a connection between 
the two antenna halves. It may have tc be shimmed zo 
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ELEMENT OIAM. = 1 inch 
(0.25 inch for 21.2 -50.1 MHz) 


RADIO 

GROUND 


FREQ _L_ 


(MHz) 

(FT) 

(pH) 

COIL DATA 

1.85 

50 

87 

100 Turns, 2" Dam., 10 Turns/inch 

1.85 

£0 

52 

BSW 3907-1 or £<su«v. 

1.95 

50 

78 

t8S#»H> 

1.95 

£0 

46 

flfl TnrrvQ 7 " D Afn R Tiirns/.nr.h 

3.5 

so 

21 

D a W 3800 <r Equiv. (57p H> 

3.5 

£0 

8.0 


4.0 

so 

1.5 


4.0 

£0 

3.8 


7.1 

20 

5.8 


14.0 

10 

2.6 

40 Turns, 1 1/8 * Dam . 4 Turns/inch 

18.1 

10 

1.0 

B S W 12C4T m Equ v. (6 3pH) 

<n.2 

d 

1.3 


24.9 

8 

0.5 


28.6 

5 

1.4 


29.6 

5 

1.2 


50.1 

2 

1.2 



(FEET X 0.3048 = METERS) 


Fig. 9 Base loaded element provides simple antenna with only one matching 
and loading Inductance. Number of turns or antenna length Is adjusted for 
resonance. Tap point on base coll Is adjusted for Inpedance match to 50 
or 75 ohm coax llna. 
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CLAMPS 


Pig. 10 Coil-loaded vertical 
antenna Is mads from sec¬ 
tions of heavy-duty TV-type 
mast. Top portion is made 

of lengths of telescoping 
tubing. The coil Is coated 
with plastic spray. Connec¬ 
tions to coll art made with 
short lengths of wire. 
Antenna Ib guyed just 
below the coll. 
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Fig. 11 Loading coil for small antenna CBn be made of air wound stock sup¬ 
ported by insulating discs cemented to a center sspport rod. Heavy cop¬ 
per wire or strap makes connections between coil and antenna sections. 

make a glovo-fit to the omailer diameter top 

section. 

An alternative desicn is to use an air-wound 
coil supported by home-made insulating discs that 
are cemented to a center phenolic rod. The rod is 
drilled to fit the antenna sections, as shown in 

Fiq. 11. This is a grwS arrangement for mobile 

antennas, but can be modified for larger fixed 
station antennas as well. 

When the loading coil is completed# it must be 

given a protective coat of clear polyurethane or 

other liquid plastic. Connections between the ooil 
and the antenna sections are made by short lengths 
of heavy copper wire or strap. 

The antenna is now adjusted to the operating 
frequency by placing a tvo turn loop of wire betveen 
the feedpoinr and ground. A dip meter is coupled to 
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Fig. 12 Sloping leading wires add electrical length to short vertical anten¬ 
na and also provide capacitive loading. Wires are interconnected at mid¬ 
points and the eids. 
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the coil and the top section of the antenna is 
varied in length, or the number of turns on the coil 
adjusted, to achieve resonance* 

The Top-loaded Vertical Antenna 

An interesting form oE top-loading that does not 
require a coil is shown in Fig. 12, Sloping loading 
wires add electrical length to the vertical antenna 
while also providing capacitive loading, both of 
which lower the natural self-resonant frequency of 

the antenna. The wires ere interconnected at the 

midpoints and the ends. Multiple loading wires can 
be used to advantage to serve as guy wires for the 
vertical section. Optinum length of the loading 
wires will vary from one installation to another and 
wire length will have to be determined by user 

**yppr i mentation, 


A Compact Top Hat Antenna for 160 Meters 

Shown in Fig. 13 is a compact, 28 foot (8.53m) 
high, top-loaded vertical antenna. With changes in 
the matching network, it will also cork on 80 mourc 
as well as 150. 

The antema consists of three sections of 
aluminum tubing, ranging from 2.5 inches (63.5 mm) 
diameter at the base to 1.628 inches (41.3 mm) 
diameter for the top section. A short top nast 

section made of 1-inch (25.4 mm) diameter tnhing 
provides support for the top hat guys. Sections are 

shimmed and bolted to establish a fir® fit. 

The top hat is 17 feet (5.21 m) in diameter and 
consists of a 12-inch (30 cm) diameter aluminum 
center plate with six outriggers, guyed to the top 
of the mast. The hat is made of lengths of 1/4-inch 
(6.4 mm) diameter tubing formed into three arcs, 

connected to the mast with 1/2-Lnch (12.7 mm) 
tubing. The hat requires six outriggers spaced 60 
degrees apart. 
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Fig. 13 Compact :op hat 

«ntcnna for 160 motors Is 

made of telescoping tub- 
fig. Overhead guys add 
to top hat. 
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Top Hat Assembly 

The top hat is made up as a separate assembly. 
The radial arms are bolted to an aluminum center 
disc which is drilled to pass the antenna. It is 

attached to the antenna by an aluminum fitting 2• ($ 
cm) high with a wall thickness of 0.5 M (1.3 cm). It 
is machined to glove-fit over the antanna. 

The top mast is attached to the top of the 
vertical section and aluninum fence wire is run from 
it to the end of each outrigger to add rigidity to 

the top hn~ . Th a ant-pnra is guyed near tho top by 

three guy wires, broken up with strain insulators 
placed at 6 foot (2.4 m) intervals. 

Input resistance at resonance of the antenna is 
about 5 ohms. It is matched to the faedline by moans 
of an L-network of the type discussad in chapter 4. 

(This antenna is based on an original design by 
Jerry Sevick, W2FMI, shown in the January, 1976, 

issue of "QST M magazine). 

The Helically Loaded Vertical Antenna 

Resonance can be established at a qiven frequency 
by the use of a short, helically-wound element (Pig. 

14). Treated bamboo poles, PVC plastic tubing, or 
fiberglass quad antenna spreaders, can be used as a 
form on which to wind the helix. Diameter of the 
helix must be small in relation to length ard a 
practical design makes use of a one inch (25.4 mm) 
winding form. A helix length of about .05 wavelength 

or more provides good results as a substitute for a 
full-size quarter wavelength vertical antenna. 

The amount of wire required for the wincing 
depends upon helix length and pitch (turns per 

inch). In general, a half-wavelength of no. 14 
Pormvar-coated wire is spirally wrapped on the fcrm, 

vith turn spacing approximately equal to the wire 
diameter. This amount of wire will approximate a 
guarter-wave resonance. 
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Fig. 14 Helix sntenna for 160 meters Is wound on tapered form. Smalt top 
hat Is used to prevent high voltage corona discharge from top of the antenna. 


In order to prevent any high voltage mrnna 

discharge, a 12-inch (30 cm) diameter wire top hat 
is attached to the heli<* Antenna resonance can be 
adjusted by varying the size of the hat, or by 
adding a small extra inductance at the base of the 
antenna• 

Before weatherproof ing, thp hoiical antenna is 
nounted in place, with the ground system installed, 
A dip meter is connected to a two-turn loop placed 
between the feedpoint an3 ground. Antenna resonance 
is determined and a few turns are added or removed 
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Fig. 15 Inexpensive base-loaded ISO meter vertical antenna uses section 
of aluminum Irrigation tubing. Tapi on loading coll allow adjustments for 
resonance snd Inpedance matching. 

from the top of the helix until ihe antenna is 

resonant at the desired operatinq frequency. 

Feedpoint resistance of a helical antenna is 
quite low, of the order of 5 to 10 ohms, depending 
upon helix length. An L-network, of the type 
described in chapter 4, can be used to match the 
antenna to a 50 ohm transmission line. 

When the antenna is completed, it should be given 
several coats of spar varnish to weatherproof the 
antenna and to hold the helix turns in position. 
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A Base-loaded vertical for 160 Meters 


IHI! 
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J; While a center-loaded vertical antenna provides 
fligher efficiency than a base loaded one, a simple 
base-loaded antenna is unobtrusive and inexpensive 
!to build and erect* The antenna is designed by Ed 
Marriner, W6)01, and described in the August, 1980 
issue of "Ham Radio" magazine* 

P The antenna consists of a 32 foot 19.8 m) section 
of 2-inch (50*8 mm) diameter aluminum irrigation 

tabing supported on a posi sunk into the ground. The 
assembly of the antenna is shown in Fig. 15. 

Antenna resonance is established by a loading 
coil placed at the base of the antenna. For highest 
efficiency, it is wound with 3/16-inch {5.0 mm) 
K idiameter copper tubing. A 4-inch (101.6 mm) diameter 
section of water pipe is used as a mandrel. The coil 
has 4U turns. 

p A support is made for the coil from three 
of plastic 1-inch (25.4 mm) wide. The supports 
long enough sc that holes drilled in them separate 
the coil turns by about the diameter of the tubing. 
After the ceil is wound, the pieces are threaded 
■fonto the coil and fastened in place with epoxy 

cement. 

Antenna adjustment is accomplished by shorting 
the antenna and loading coil to ground via a two 
tarn coil. The loading coil turns are adjusted for 
resonance with a dip meter. Wide copper straps are 

soldered to the coil once the proper tops arc found. 

The transmission line is *;apped near the ground end 
of the coil and the point adjusted for lowest SWR on 
the transmission line. The tap point will depend 
upon the resistance of the ground system, but will 
be about four turns from the bottom of the coil. 

The antenna uses five radiale about 30 fcot (9.1 

ml long, laid upon the ground, plus an 8-foot (2.4 
mi ground rod at the base of the antenna. 
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A Large Vertical for 160 and 80 Meters 

This DX antenna for the low bands is described by 
Harry Hyder# W7IV# in the May# 1975# issue of "Ha® 
Radio" magazine (Fig. 16). Overall height is 91 feet 
{*1mt m) and consists or a /o toot »2l.J m) aluminum 
lattice tover surmounted by a 21 foot (6.4 m) whip. 

It is 0.347 wavelength on 80 neters and 0.166 

wavelength on 160 meters. Sixteen radials 125 feet 
(38.1 m) long are buried in shallow trenches about 
the antenna. The input resistance of the antenna 
(Including ground resistance) is about 14 ohms on 
160 meters and 187 ohms on 80 meters. 

The aluminum tower is 11 inches (27.9 cm) on a 

side and vreighs about 100 pounds. It is guyed at two 

levels with three guy wires# broken up with egg 
insulators. 

An inductor of about 14 microhenries tunes the 

tower to 1.8 mHz and the feedline is tapped on the 
lower end of the coil zo provide a good match to the 
coaxial feedline. 

A 300 pF variable series capacitor resonates the 
antenna to the 80 meter band and band change is 

accompli ehod by a romotc-control relay. 

The SWR is below L.3-to-l across the 80 neter 
band and below 1.5-to-l from 1.8 to 1.9 MHz, 

A Top-loaded Marconi for 80 Meters 

This tiniimial top-loaded dntonna is hung from a 

branch of a tall tree. It is designed by *fenry 
dwell# W24B# and is described in the September, 
1971 issue of "Ham Radio" magazine. 

Installation of the antenna is shown in Fig. 17. 
A rope and pulley placed at the 65 foot (19.8 m) 

elevation in tho hrpp simplifies tho anronna 

installation. 

The top disc is made of two 6 foot (1.3 m) 
lengths of light wood strapped in the form of a 
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Pig. 16 OX vertical antenna operates on both 80 and 160 meter bands. A 
21 foot whip is mounted to top of llghtduty, 70 foot guyed aluminum towtr. 
Adjustable base network provides two-band operation. Tower Is guyed at 
two levels for best stability In heavy winds. 
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Fig. 17 Tree-sipported 80 metev vertical antenna Is loaded to halfwave 
resonance by large top hat and loading coll. High Irrpedance at base Is mat- 
ched to coax Use by a parallel tuned circuit. Smaller top hat can be used 
with larger loading Inductance, If desired. 

cross* A 28 foot (8*5 m) length of 1/4-inch (6*3 ram) 
copper tubing is affixed to the cross by tie vires 
and twenty-four lengths of no* 12 copper wire are 
connected from the outside to the center of the 
disc* The loading coil has an inductance of about 44 
microhenries* 

When properly adjusted, the antenna provides 
half-wave resonance at the operating frequency and 
the feedpoint resistance is quite high. A parallel 
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Fig. 18 Relationship between physical end electrical height of tower when 
loaded by either 3-tlement Ysgl or 2*element Quad. Comparison curve lor 
vertical wire Is slso shown. 


point which 
feedline at 


( timed circuit at the base provides system resonance, 
jfhe feedline is tapped on the coil at a point which 
provides a low value of SWR on the feedline at 
antenna resonance. 

| The ground system consists of 24 radials, each 66 

feet (20 ra) long rvf nlnnvinnm ui rA farming out 

Ifrom the antenna on the surface of the ground. 


Use Ycur Beam Tower for the bow Bands 


. fa 


1 


Why not use your existing bean tower as a 
Svertical antenna for the low hand*:? 7t*. *s possible 
a ad practical to use a beam tower as a vertical 
antenna, even though the tower may be grounded at 
the base. Best of all, the electrical height of the 
tower is increased by virtue of the top loading 
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effect of the beam antenna* Data on feeding .owers 
is given in chapter 4* 

The chart of Fig* 18 shows a typical relationship 
of electrical height to tower height of a tower one 
to two feet (30 to 61 cm) on a side# top loaded with 
either a 3-element Yagi or a 2-elecsieuL Quad beaut* h 
comparison curve for a thin wire antenna is also 
shown* Multi-element Quads seem to add little top 
loading, possibly because the outer elements are 
removed from the tower and insulated from it* A 
large Yagi beam# on the other hand# provides 

additional loading uvtsi LltaL shown in the graph. 

As an example# a 70 foot (21.3 cm) tower top 
loaded with a Yagi antenna has an electrical height 
of about 118 feet (40 n). 

A grounded base# shunt-fed tower is a popular 
installation as it provides protection against 

lightning by channeling ctatio olootricity in tha 

atmosphere directly to ground* (This material is 
abstracted from an article on shunt-fed antenna 
towers by John True# W40Q# in the May# 1975# issue 
of "Ham Radio" magazine.) 


Decoupling the Marconi Antonna Freer the House Wiring 


The Marconi antenna is a good cne for the 150 and 
80 meter bands if the operator is pressed for space. 
An efficient radio ground is required and cars must 
be taken to decouple the antenna system from the 

equipment ground and the power lir.e* If the Marconi 
is close to the residence# and if open house wiring 

is used in the structure# it is possible to get 

inductive coupling between the antenna and the 

wiring* Some operators running hich power in a 160 

meter antenna have found to their dismay that 

various lights in the house go on when they are on 
the air« 

The house v/iring can be easily detuned to prevent 
this undesirable coupling by placing bypass 
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Capacitors across a few 120 volt outlets in the 
Cause. An easy way to accnmplish this is to mount a 

it h ,* - 

tpl uF, 1.6 )cV disc ceramic capacitor in an empty 


iine plug and move it from one 
^pother until the lights r 

Cransiaittor it on. 

Even thouch the 160 neter 


e wall receptacle 
remain out when 


to 

the 


band is far removed 
t is still a good 


from the television channels, it is still a good 
idea to use a low-pass TV filter on the transmitter 

flip 

to supress unwanted harmonics that night interfere 
with TV or FM reception. 

an, % > 

A Top-hat Antenna for 75-80 Meters 



I 


ll%r 





m 


§ This inexpensive top-hat antenna is designed for 
DX work on the 3.5 to 4.0 MHz band. Operating 
bandwidth is about 85 kHz between the 2-to-l StfR 

jpointp on the transmission lino. If an auxiliary 

matching unit is used at the station, the antenna 
can operate over the whole 80 meter band. The design 
frequency is 3.85 MHz and operation at the low end 
of the band (without a natching unit) requires the 
addition of a small loading coil at the base of the 
antenna. 

The antenna consists of a 35 foot (10.7 m) long, 
2-inch (50.8 mm) diameter section of aluminum 

faj|| 

irrigation pip» top loaded by a hat made of four 8 
fcot (2.44 m) oieces of 3/<-inch (19.1 mm) diameter 

MM' 

aluminum tubing, mounted at right angles to 

themselves and to the pipe (Fig- 19). 

The irrigation pipe is very flexible and must he 
guyed at the top and two intermediate levels to 
prevent vibration in the wind. The antenna :s 
mounted on a snail block of wood to insulate it from 

y/j' 

ground. The vood is giver, several coats of clear 

epoxy or spar varnish to protect it from the 

feather. 

’<§ \ 

The feodpoint resistance of the antenna is about 


at right angles to 
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FOUR 



RADIO 

GROUND 


Fig. 19 Simple top hat antenna fcr 75-80 meters Is only 35 feet high. Single 

auction of atuiBliiuin IntytiUoii ppo (a uotni aa roctator. Antenna is guyed 

at three points to prevent vibration In heavy wind. 
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K2C ohms so an 


lltchapter 4# 


Ifr 

Mif l 


can 


ccax line. 


L-network# such as 
used to match the 


in 


antenna to a 


The Grourd System 


I’ A ground screen is pieced beneath the antenna. 
j it consists of a number of 90 foot (27.4 m) radials 
.Sffanning out from the antenna base. Sither aluminum# 
copper or galvanized iron wire can be used# laid on 
j |the surface of the grourd. The original antenna# 
designed and \ised by W7DHD# employed ICft) raaiais 
varying in length from 90 feet (27.4 m) down to 65 
feet (19.8 m). 

Mpf ^- nner en( 3s of the radials are attached to an 

1€ inch (0.5 m) square sheet of 1/4-inch (6.35 nsn) 

llll l 9 

thick aluminum drilled around the four edges for 

IHIIi BBRf- 

Stainless steel bolts. After the wires are attached 
tc the plate# It is given a heavy coat of asphalt 
roof sealer to protect it from ground moisture. The 
shield of the coax feedline is attached to the 


ftpSI 
tfM- 
1 - ■ 


Wii 

A' 


JRfche surface of t 

desianed and nsed 




■if 


a»i 




Stainless steei 




mSmi* 


shield 
plate. 

Bf ; The outer ends of the radials are terminated by 

\ mm - 

1C inch (O. 5 ui) mluuiiO rods# cut frem reinforcing 

St, 

steel. The shorter radials are provided with 4 foot 

■ : 

(2.4 m) long rods. The center plate is grounded with 
ore or two 8 foot (2.44 n) long rods for lightning 
protection. (This antenna is described in the June# 
1S83 issue of "Ham Radio" nagazine.) 


Using the Antenna on 160 Meters 


m i 


ore or 
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■| Once the antenna is operating properly on 80 
meters# an add-on modification will permit 160 meter 
f operation. For the "top bard"# an 80 meter trap and 

BI l* 

auxiliary top-hat aro addod to the ton of the 

■ antenna. Switching between bands is automatic# and 
jy the addition dnes not affect 80 meter operation. 


lj§ 4 

l ilt ' < 

fcil»." ■ 
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INSULATOR 
(TYPE.) 


TO 75 METER 
'OP HAT AND 
ANTENNA 


Fig. 20 Add-on modification allows antenna of Fig. 19 to be used on 160 
meter band. Auxiliary top hat Is electrically switched In and out wnen fre¬ 
quency of operation la changed. 


The add-on modification is shown in Fig. 20. 
Four 50 foot (15*24 m) long sections of no* 8 or 10 
aluminum clothesline wire serve as top guys end as 
the 160 meter top-hat* The trap is placed between 
the junction of these wires and the top of the 

antonna. Tho trap ooil ie about S microhenries end 

the parallel-connected capacitor Is 400 pF f 5 kV. 
The trap is self-resonant at the 30 meter antenna 
design frequency* Before placing the trap atop the 
antenna , it is adjusted with the aid of a dip meter 
and nearby receiver* 

Th*» fp^dprnnt rPRisf-^nro nf the antenna on 160 

meters is about 5 ohms and the use of a matching 
network is necessary* 

A Hanging Top-Hat Antenna for 160 Meters 

This interesting antenna was designed to be hunq 
from the top branches of a tall tree or from a 70 

foot (21*3 m) tower* It consists of a top-hat 
loading disc beneath which is a helical-wound 
loading coil about 20 feet (6 n) long* Overall 
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Rg. 21 Tree- or tower-mounted vertical antenna for 160 meters. Top "hat 
and helix structure are supported by screw eye at top and connected to 
feedpolnt with vertical wire. 

































































92 


VERTICAL ANTENNAS 


antenna height is TO feet. The antenna is base-fed 
with a coax line and a shunt matching hairpin 
inductor (Fig. 21). 

In order to keep the maximum area of current 
high in the air, the antenna is loaded to nearly 

half -wavo raeononcQ by tho inductor and tr*p hat. 

Operational bandwidth between the 1-to-l SWR points 
on the feedline is about 30 kHz with the antenna cut 
for operation at the lov frequency end of the band. 

Antenna Construction 

The forrr for the helical coil is a 20 foot (6 m) 
length of fiberglass rod, 1.5 inches (3.8 cm) in 
diameter. It is wound vith about 2€0 feet (80 m) of 
no. 12 insulated wire. The helix is closewound for 
16 feet (4.8 m) and spacewound the diameter of the 
wire for the rest of the winding. The spacewound 
portion is at the top of the helix. 

The top hat is built up of four foot (1.2 m) 
lengths of aluminum tubing, 0.5-inch (1,2 cm) in 
diameter. The tubes are attached to a metal ring 
which is bolted to the top of the fiberglass pole. 
The whole device is hung from a 10 foot (3 m) 
sidearro mounted at the top of the tower. 

Alternatively, it may be hung from the limb of a 
tree by a rope and pulley combination. An eye bolt 
affixed to the top of the pole allows the entire 
antenna to be raised and lowered at will (Fig. 22). 

When the helix coil is completed, it is covered 
with three coats of polyurathane finish or spar 
varnish. All bolts and electrical connections are 
protected vith a clear, silicone sealant, such as 
General Electric RTV-108, or equivalent. 

Tuning the Antenna 

The antenna is tuned to 1815 kBz by shorting the 
bottom end to the ground system via a two turn loop 
coupled to a dip meter. Exact resoaance is achieved 
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Fig. 22 Mechanical assembly of screw eye support for the 
antenna shown In Fig. 21. 




V trimming the wire or by removing or adding a turn 
or two to the coil. Once resonance is established, 

WM |pp 

match to the coax line is made by a shunt coil, or 
hairpin, placed across the feedpoint. It is designed 
to oe employed with a multiple radial ground systom. 
(This antenna was designed by Tony DePrato, WA4JQS, 
and was described in the March, 1980 issue of "Han 

S ir* 

adlo Horizons" magazine.) 


A Simple 80 and 160 Metar Vertical Antenna 

This inexper.sive and compact antenna is about 2 A 
eet (7.3 m) high and is designed about a 20 foot 
• 2 m) long piece of 2 inch (4.9 cm) diameter 
uninum irrigation pipe, readily available frorr 
jpnnkling equipment companies or farm equipment 
t&iogs. A top loading coil resonates the antenna 
O 80 meters and a base coil adds sufficient loading 
Or 160 meter operation. 

Antenna assembly is shovn in Fig. 23. The top 
pading coil is wound on a 20 inch (50.1 cm) length 
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Bam te*3i'r>] coP is 40 turns §^*g &yi tacped it 
37 i«rm for tSCiKKa it 3S turns fee 
1945 KHi. Eid\iriiul ! At<ei voil to<f. Mecca 

fiW^VCt of *r:amo About 20 KM? Mtdf with 

or* AO^*stm«nt ap 


C4rrc**clapfit 2»*To.d PVC *112Ct 

ikW C^nrp cot|iiri|ki it. 


BOBU to trartsmitof. Copper coil made ft om 
**mT mom? lubiro Totll 40 tufru. 4 1 *?" dl». 
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24'* 54" tnjlrrj rod botson Ihnidid *4 x 20 
threadScrew i**o tipped PVC cap. 

Lock nyf-tW ‘4 x 20 to hold hi® ICf 
©tiler!*. 


loor 412Mire cfosewxindon i J tTdU o.d. 
PVC wiich h. fitted ifito Atjminun tuba by 
filing PVC i* 20* ton*. Cap eemev.ed o«. 
Use PVC cement. 


2"o.d. acmlrum mpstton pipa 20 lorq. 
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Fig. 23 Inexpensive vertical antenna for 80 and 160 meter operathn. Top 
loading ooll resonates antenna to 80 meters and bottom ooll adds extra 
loading for 180 meters. Antenna Is made of 20 fcot length of aluminum Ir¬ 
rigation pipe. 
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m 



is 





mt ' white PVC plastic pipe, 1-7/8 inches (4.76 cm) in 
Jjfameter. One 2nd is filed enough to make a slip 
r.to the aluminum tube. A PVC plastic 

on ths opposite end of the coil form. 

The coil winding consists of 100 feet (30.4 m) of 
gjo. l^ enamel wire, the top end soldered to a lug 
ttached to a threaded brazing rod which serves as a 
small top-loading device. 7he rod passes through the 

f6 ’ IP ' 

VC cap and is held in place with two brass nuts and 
cck washers. The bottom end of the coil winding is 
ttached to the aluminum tube with stainless steel 
Its and nuts. All joints are coatea with General 
Electric RTV-108 sealant when finished. 

Supporting the Antenna 


The 

sunk in 



antenna is 

the ground 
with a 




by a 4 x 
The bettom end of 
wrapping of aluminum 
in this handbook. The 


wuuvl L 

post is 
foil, as 
antenna is 


held to the post by means of stainless steel hose 






■ 




To add strength to the support and to prevent the 

tube from collapsing at the clamping 
points, pieces of 2-3/8 inch (6 cm) outside diameter 

RpN*** •••• 

PVC are cut and slit down the middle, making a cuff 
to fit between the pipe and the clamp. When properly 
installed, guy wires are not needed. 

i Rofnrp the antenna ic tuned, the radial eyotsm 

ust be installed. In one instance, a ground rod is 
ussd, along with four quarter-wave radials laid atop 
th 2 grass, plus four shorter radials running in 
random directions. The antenna is also grounded to 
tha main water system of the residence. 


HP 
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Tuning the Antenna 
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The antenna is connected to the ground system 
via a two turn coil and adjusted to frequency with 
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the aid of a dip meter* The number of turns in the 
top loading coil ara trimmed, a turn at a time, 
until the antenna is rasonant at the spot chosen in 
the 80 meter band* A protective coat of General 
Cement Co. "Insu-volU" varnish (G*C. 10-608) is 

brushed over the coil* 

The next step is to install the 160 meter base 
coil* This consists of 40 turns of 3/16-inch (4.76 
mm) diameter copper tubing wound on a 4 inch (10*2 
cm) diameter form* The form is then removed and the 
coil threaded onto four plastic strips into which 

hulttb art- drilled Lu separate the turns the diameter 

of the tubing. 

The coil is connected between the base of the 
antenna ard ground by means of heavy, flexible leads 
with a copper clip on the free end* Again, antenna 
resonance is established, this time at a spot in the 

160 meter band with tha uco ©£ tho dip meter. 

The last step is to adjust the tap point on the 

mm 4F mm 

coil for the best SWR on the feedline. Antenna 
resonance and tap point are slightly interlocking 
and both coil taps must be moved to achieve a low 
value of SWR. 

Antonr.a bandwidth on 80 motors is about 40 kHz 

between the 2-to-l SWR points, and is about 15 kHz 
on the 160 meter band 

(The original version of this antenna was 
described by Ed Marriner, W6XM, in the April, 1983 
issue of •CQ W magazine.) 


Chapter 4 
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Antenna Matching Devices 
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It is an unusual antenna that provides an exact 

*f: : * 

n^aitch to a coaxial transmission line. And even when 
such a match is achieved at the resonant frequency 
of the antenra, the match can quickly deteriorate 
11-.When the antenna is operated far off its design 
frequency. 

In the Cdyt uf the s)i;: l vex Lical attLetiua, Uie 

feedpoint resistance is mach lower than 50 ohms and 

I its frequency response (operating bandwidth) may be 
quite narrow. The feedpoint resistance of a short, 
ffioO meter coil-loaded vertical, for example, could 
be as low as one ohm and the feedpoint reactance 

could be os greet as 1403 ohms* Typical resistance 

■t 

and reactance values for a short 160 meter vertical 
antenna are illustrated in Figs. 1 and 2. The 
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■ 


problem, then, is to matrh such an antenna to a 50 
or 75 ohm coaxial line to achieve a low value of SVfR 
■ (standing wave ratio) ovsr a reasonable operating 

Strange as required by today’s modern, solid state 

■^transmitters. 
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The Loading Coil 

Two requirements must be met for a good antenna 
match. First, the antenna must be resonant, or 
nearly so. Second, it must present a feedpoint 
resistance equal to the transmission line impedance. 
Resonance of a short antenna is established by use 
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(tl) (9.1) U£.£) (3£) (10.5) (£ 1 . 3 ) (£44) (££.4) (3031 ( 33 . 3 . 


AHTCMMA LCSOTN - 

Fig. 1 Approximate feed point resistance (R) for a short 180 meter vertical 
antenna. Eighty-seven foot antenna has resistance of 12.5 ohms (neglec¬ 
ting ground less). 
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Fig. 2 Approximate feedpolnt reactance for a short 180 meter vertical 
antenna. Eighty-seven foot antenna has reactance of -390 ohms. 









ANTENNA MATCHING DEVICES 
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in series with it as 
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lit: 
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should 


itaii 


coil Q. A 






mm 


V 

m 


a loading coil connected 
shown in chapter 3. 

For good efficiency, the loading coil 
Have a high ratio of reactance to zf 
Ifliis factor is expressed in terms cf 

-Q coil is wound of heavy wire on a low 1038 
. The winding is often spaced the wire diameter 
and the length of the coil is commonly about twice 

ife :V *v 

the diameter* 

As an example# assume a loading coil has a 
reactance of 1500 ohms* If the coil has a Q-f actor 
300# then the xf resistance uf the coil is the 

tance divided by the Q# or 1500/3C0 = 5 ohms* If 
the feedpoint resistance of an antenna using this 
coil is 20 ohms# the overall antenna efficiency 

ng any ground loss) is 20/(20+5)# or 80 
. The remaining 20 percent of the rf power is 

loct ac hoat in tho coil. 
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Feed Point Transformation 


The feedpoint resistance of a short antenna is 
iery low compared to a full-size one, but this value 
can be transformed to a hiqher one by means of a 
matching device placed in the line between the 

antenna and an SWB meter which monitors the degree 
of match. A convenient point for the match is at the 
of the antenna* Some devices can establish both 

grr, 

antenna resonance and impedance matching at the sane 

* Many forns of matching devices exist# and sone 
of the useful ones are discussed in this chapter* 

The Reactance Matching Technique 






As shown in Figs. 1 and 2# the resonant antenna 
(exhibits no reactance at the feedpoint# but shovs 

or negative reactance when it is operated 
-frequency. The reactance can be put to good use 
i^hen it is desired to match the antenna to a 





















































100 VERTICAL ANTENNAS 

In most cases# the feedpoint resistance of a 
resonant vertical antenna falls in the range of 5 to 
36 ohms, dapending upon the size of the antenna 
relative to the operzting wavelength. Very short 
antennas have low values of feedpoint resistance and 

longer ontsnnos have higher valucc. Tho problem ie 

to match the resistance value# whatever it is, to 
the transmission line. 

The L-natworks summarized in Fig. 3 are basic 
matching devices and will do the job. They require 
two components ( an inductor and a capacitor)# but 

it ia pocsiblo to eliminate* tho corioc-connootod 

component b/ letting the antenna take its place. 
This is accomplished by detuning (equalizing) the 
antenna slightly so as to introduce the correct 
value of series reactance at the base to compensate 
for the missing network component. If the antenna is 
m,ido longer than the resonant length# its feedpoint 
reactance will be positive (inductive) and if :t is 
shorter than resonance# the reactance will be 
negative (capacitive)• 

Using the Reactance Match 

The shunt reactance to be added at the antenna 
feedpoint to make this system work is of the 
opposite sign to that of the antenna. That is# if 
the antenna is shorter than the resonant length 
(negative reactance)# a shunt inductor (L) must bo 
added (Fig. 4A). On the other hand# if the antenna 
is long (positive reactance)# a shunt capacitor (C) 
is called for. (It is interesting to note that tho 
shunt inductor scheme is used in some Yagi beams. 
The coil takes the form of a U-shaped inductor# or 
"hairpin"). 

This is an inexpensive and easy way to match the 
feedpoint resistance of a vertical antenna to a coax 

line. One oomponent and a slight change of anienna 
length does the job! 
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Fig. 3 Basic L-nelworks used to match antenna to feediine. Networks A snd 
Bare used when coax line impedance Is greater than feedpoint resistance. 
Networks C and D are used when feedpoint resistance is greater than coax 
Impedance. 
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Pig. 4 Roootonoo of antenno ohortcr (A) or longe* (O) than resonance Can 

be used to simulate one of the elements of the L-network. Example A Is 
similar to network shown In Fig. 3B. Example B Is similar to Fig. 3A. 


Practical Reactance Matching Circuits 

The matching technique is summarized in Fig. 5 . 
The X-axis of the graph represents the feedpoint 
resistance of the antenna and the y-axis the shunt 
reactance necessary to achieve tho match. The graph 
is computed for 50 ohm coax line, but the value 
derived is close enough for use with a 75 ohm line. 

For example, assume an antenna has a feedpoint 
resistance of 20 ohms. The corresponding value of 
shunt reactance, as shewn by the dashed lines on the 
graph, is 40 ohms. If the experimenter decides to 
employ a shunt coil and to equalize the antenna by 

shortening it, formula A is used to determine the 
inductance required at the antenna feedpoint. If the 

decision is to lengthen the antenna, a shunt 
capacitor is required and formula B is used to 
determine its value. 

Representative values of shunt components are 
given in the table for various amateur bands. These 
are maximum values required for the greatest degree 

of mismatch between antenna and feedline. 

On the higher frequency bands there is little 
choice betveen the two matching techniques. But on 
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. 5 The value of ^network components Is given by formulas A and 3. 
Representative component values fo* various amateur bands are given In 
the table. 



s low bands, 160 meters for example, the cost o 

I' ; . 

shunt inductor is small, but the cost 


a 







of a suitable 

shunt capacitor might be quite high. For this 

reason, many amateurs prpfpr thp i ndnrti vp m=*trh 

system over the capacitive version, 

I For any band the shunt inductor can be a small, 
air-wound coil. In the case of the shjnt capacitor, 
postage stamp size silver mica capacitors will 
suffice for power levels up to about 100 watts. 
Absve this level, transmit.hi ng-typp mica capacitors 
or variable air capacitors, of at least 1 kv ratine, 
ara to be preferred. 
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14,0 14.1 14.2 14,3 14.4 

f (MHZ) 


Fig. 6 Antenna resonant at 14.3 MHz (curve A) Is detuned so that resonance 
occurs at 14.0 MHz (curve B) when Impedance matching reactance is plac¬ 
ed across feedpoint. In many cases, detuning effect is Insignificant and may 
be Ignored. Otherwise antenna element must be equalized to reestablish 
resonance. 

Equalizing the Antenna 

It was stated earlier that to make this matching 
system work, the antenna must be slightly detuned 
(equalized) to provide the necessary reactance at 
the feedpoint. What does this mean in practice? By 

definition, when an antenna is detuned fron one 
frequency it becomes resonant at another frequency* 
As an example, assume that a ground plane antenna 
has a feedpoint resistance of 35 ohms at 14.3 MHz. 
It is desired to match it to a coax line. The 
inductance value is determined from Fig. 5, formula 
A, and the coil is placed across the feedpoint. An 
SWR plot of antenna response is run across the 20 
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meter band and compared with the plot run before the 
inductor was added (Fig. 6). Now the antenna is 
resonant at 14.0 MHz. It should be shortened enough 
to move the resonant frequency back to 14.3 MHz. 

But is this equalization necessary? The antenna 
theorist may decide to shorten his antenna to 
restore the original SWR response curve but the 
realist knows that the new antenna response curve is 
equally satisfactory and doesn't want to waste the 
time and effort to equalize the antenna. He knows 
the "station at the other end” won't know the 
difference * 

The owner of a solid-state transmitter, on the 
other hand, nay require antenna equalization because 
he discovers that he cannot properly load his 
transmitter at the end of the oand where the 
transmission line SWR is excessive. He has the 

choice of equalizing his antenna, ui incurpoxatirg a 

[matching device (L-network) in the line at his 

transmitter to accomplish a satisfactory match. 

To sum it up, the amount of antenna equalization 
required for the matching system to work depends 
upon the ratio of the antenna feedpoint resistance 

~n t-hA co^v lino impodanra, Tho grvator the ratio, 

the more equalization required. The example given 
shows that for a feedpoint resistance close in value 
to the coax impedance equalization probably is 
inconsequential, as the detuning effect of the match 
isn't very great. If, on the other hand, the effect 
is enough to move the antenna resonant frpqupnry nnt- 
of the amateur band, equalization is called for. 

In the case of a very short vertical (a mobile 
vhip, for example) equalization is necessary. A tsst 
run on an 8-foot (2.44 m), center-loaded 80 meter 
vhip antenna having a feedpoint resistance of abDut 
5 ohms showed that the inductance of the loading 
coil had to be changed about fifteen percent to 
provide a good match to a 50 ohm line at the design 
frequency after a matching capacitor was added. 
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In this instance, the easiest solution was to 
leave the loading coil alone and to add series 
inductance at the base of the antenna to equali 2 e it 
at the operating frequency* 

The L-Network 

Another solution to the antenna matching problem 
is the L-network. This device can achieve antenna 
resonance and establish a match at the same time. It 
is adjustable over a large range anc can be tune:! to 
hold Uie swk to near-uoity when a frequency change 
is made* 

Two components are used in the L-network and they 
can be connected in four possible combinations so as 
to provide either a step down or a step up match, as 
shown in Fig. 3. Illustrations A and B show two step 

down networks where the load (R2) Is less in value 

than the feedpoint (Rl)» In most cases, R1 is the 
coax feedline impedance (50 or 75 ohms) and R2 is 
the feedpoint resistance of the antenna (less than 
50 ohms). Either network will do the job and the 
user makes his choice depending upon whether he 

wiehoc corica or ohunt inductance or capaoiLu ice• 

The choice is often made on an economic basis—the 
cost of the components. It must be kept in mind, 
however, that the A-t*pe network provides some 
degree of harmonic attenuation and that the B-type 
does not. 

Figures 1C and D shov two stop up notworko where 

the load (R2) is greater than the feedpoint 
impedance (Rl). These networks are the reverse inage 
of those shown in illustration A and B. The C-.ype 
network provides some harmonic attenuation. 


ClR-i ng t-’no T.-network 

The basis of the L-network is the fact that for 
any circuit consisting of a resistance and a 
reactance in series (an antenna for example), there 
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CHOICE No. 2: Let X 5 = oe capacitive and Xp be inductive. 



159000 
1.8 x 22.72 


Xp 


0.159 2 32.72 

—- 


3853.6 pF 
239 pH 


Fig. 7 L-network summary. General case is shown for series (Xs) and parallel 
(Xp) components. Formulas 1-4 provide component values In picofarads 
and microhenries when frequency Is expressed In megahertz. Example of 
two choices Is gven for network types A and B» Fig. 3. 
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exists an equivalent circuit consisting of 
resistance and reactance in parallel that has the 
same electrical characteristics (but different 
component values) for a given frequency (Figr- 7). 
This generalized example provides an impedance step 

down Crane format ion anc id useful to match a 00 Ojl 

75 ohm coax line tc a resonant antenna whose 
feedpoint resistance is less than the line value♦ 

The illustration shews a 160 meter antenna vith a 
feedpoint resistance of 15 ohms to be matched to a 
50 ohm transmission line. Formulas 1 and 2 show that 

tho series notwork raactanoe (Xc) has a value of 

22.92 ohms and the value of the parallel reactance 
(Xp) is 32,72 ohms. 

The network user has the choice of making cither 
reactance an inductor or a capacitor so long as one 
is the reverse of the other. Formulas 1-4 summarizes 
the two choices. At the design fr4»qm»nry (1. £ MH 2 , 
for example), the circuits are electrically 
equivalent. The choice of circuits is usually made 
based upon the size, cost and availability cf the 
components. If, for example, Xs is chosen to te an 
inductor, it will have a value of 2.02 uH. Then Xp 
must be a capacitor and it will have a vaIup nf 
2699.5 pF (choice il). This amounts to a very small 
coil and a rather Large capacitor. The series coil 
can be removed and replaced by the inductive 
reactance of a longer-tfian-resonance antenna. 

The reverse choice (#2) shows comparable 
component values. The series capacitor has a value 
of 3853.6 pF and the shunt inductor has a value of 

2.89 uH. The series caoacitor (Xs! can be removed 

% 

from the network circuit and its place taken by the 
capacitive reactance of a shorter-than-rescnance 
antenna. The capacitor costs nothing and the shunt 
coil is inexpensive and very small in size. An ideal 
combination! This technique is used in the antenna 
shown in chapter 3, Fig, 4. 
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Fig. 8 L-network for 180 meters. Shunt capacitor Is made up of large value 
air variable unit plus shunt-connected mica transmitting units. Rotary coil 
Is large enough to take care of additional series loading inductance regjlred 
by short Marconi antenna (see Fig. 9). Components are mounted on plywood 
base with fiber board panel. Counter dial Is coupled to rotary inductor. 


The Shunt Capacitor L-Network 


A versatile network is shown in Figs. 8 and 9. 
It is an A-type network (Fig. 3) employing a shunt 
variable capacitor and a series rotary inductor. 
Values of the components depend upon the band of use 
and the antenna impedance to be matched. 

This notwork is dacignod to match a chort ant«nna 

on the 160 and 80 meter bands and, as a result, the 
component values are quite large. For 160 meters, 
the shunt capacitor is made up of two .0011 mF 
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f = 1.85 MHz 

! 



2trf 


L TOTAL = Li+t-Z * 34.4 ♦ 1.72 - 36.12 pH 

Fig. 9 Schematic of L-notwork. 36 uH inductor Is used. Total perallel 
capacitance is about 3530 pF. "Worst case" antenna has fee^olnt 
resistance of 12.5 ohms with capacitive reactance of about >390 ohms (see 
Figs. 1 and 2). 

transmittmg-type mica capacitors in parallel *ith 
a 2000 pF, transmitting-type variable air capacitor* 
The inductcr is an 18 uH rotary coil* (Johnson type 
229-0202-01, or equivalent)* Extra additional 
inductance can be conected in series with the coil 
if required for a very short antenne* Short antennas 
having input: resistance* as luw as 10 ohms can be 
matched to 50 ohms with this device* In addition, 
the rotary inductor can compensate for antenna 
reactance* 
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The unit is built on a plywood base with a 
Masonite panel. The inductor is driven by a counter 
dial to provide accurate logging. A coaxial 
receptacle is mounted on a small L-shaped metal 
* bracket at the rear of the assembly. The shell of 
the receptacle is connected to the rotor terminal 
of the variable capacitor and to a ground post at 
the rear of the network. 

Tuning the L-Network 

The network is placed at the transmitter, after 
the SWR meter. For initial tuneup, the transmitter 
is run at reduced powar and the network controls 
adjusted for a minimum reverse reading on the SWR 
meter. As the SWR reading is reduced, transmitter 
power is increased until full input is run when the 

DWR reached unity (It© l). 

After initial adjustments are made, the network 
dial readings are logged for various frequencies 
across the band so that the network can be quickly 
retuned when a frequency change is made. 

It is a good idea to run a separate ground lead 

botwoon tho notwork and the tranomittcr and not roly 

upon the shield of the interconnecting coax line co 
do the job. An external radio grour.d connection is 
made to the ground terminal of the network. 

The Step Up Network 

Multiwire Marconi and extended, base-fed antennas 
having a high value of feedpoint resistance require 
a network that that will step 50 ohms up to that 
value. An L-network in reverse will do the job. 
Component values for a particular network design can 
be derived from the fornulas given in Figs. 3C and D 
if the feedpoint resistance of the artenna is known. 
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Fig. 10 The shunt*fed antenna. Vertical tower Is excited by feeder wire 

tnppmi at pnlnt $ Capacitor tunos out roactanco o * wlro. Pood wlro oon 

also be brought down parallel to the antenna. This system Is often used 
to shunt-feed an existing tower which supports a hf or vhf antenna 


The Shunt-fed Antenna 


Tho vortical antenna can bo grounded <iL the fcase 

and power applied across a section of it (S), as 
shown in Fig. 10* This idea can be considered as an 
antenna in which the power is applied between the 
grounded end and a tap point which, in conjunction 
with the feed wire and the ground return path (G), 

form a ono-turn loop* The reactive component u£ Uie 

loop, which is inductive, is resonated out by means 
of a series-connected capacitor (C). The point at 
which the feed wire is connected to the antenna 
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{depends upon the height, diameter and taper of the 
(antenna, and wire spacing from it. The distance (s) 
(varies from 20 to 50 percent of the antenna height# 
|rfae feed wire can be sloped away from the antenna, 
or brought down parallel to it to 

termination point# 

The performance of a shunt-fed 
substantially the same as one with 
series feed* provided the resistance of 


a suitable 


antenna is 
conventional 
the ground 


return path (G) is low. 

I Unloaded 

w&volongth may be ohuntfed. Delow this length, Uie 


vertical antennas as short as 0.15 


■ 


tap point of the feed wire may 
physical height of the antenna# 


be higher than the 




The Shunt-fed Tower 


mm 

Hotter 

Ik 


III*; 


fc- 



1L. 
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A grounded metal tower ased to support a beam or 
antenna may be snunt-fed for low band 
operation. The "gamma matzh" is commonly used for 
Ithls purpose. 7his consists of a single rod or wire 

to the tower and attached to it at the far 

end (Fig. 11). It is resonated by a series capacitor 
at the feedpoint# Length and spacing ot tne rod rrem 
th? tower and the ratio of rod diameter to tower 
crsss-section determines the dimensions of the 
system# Test results of shunt feeding towers of 
various heights for 40 meter operation are shown in 

Fig. 12. These tests were run by John True, W40£, 

in the nay, 1975 issue of "Moi-i 

Gamma match dimensions are given 
for towers whose height range from 24 to 90 feet 
(7.3 to 27.4 m). The test tower was 20 inches (51 

cm) on a side and spacing of the gamma rod from one 

tower leg was 10 inches {25.5 cm). The parallel 

Connected capacitor pj?c:niLis fine adjustment: to 
compensate for changes in gamma rod length. 

If the gamna rod is shorter than optimum or the 
tower-to“gamma spacing too small, adjustment of this 


and are summarized 
Radio" magazine. 
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Fig. 11 Shurr.-fod towor uses beam antenna fo* top loading effect. (Cce 

Chapter 3 t Fig. 18 for loading data.) Gamma rod Is spaced half the tower 
width f rom one vertical member. Top of rod Is shorted to tower by means 
of adjustable metal strap. Seres capacitor (Cl) tunes gamma device to 
resonance and shunt capacitor (C2) permits fine adjustment to compen* 
sate for changes In gamma rod length. 

capacitor simplifies the task of setting the 
shorting bar between the rod and the tower* 

Note that at the near-resonant length of the 
tower (about 34 feet, or 10*4 m), the length of the 
gamma rod is minimum and the series capacitor value 
is maximun. Below a tower height of 24 feet (7,3 m 
or about 0*1/ wavelength) the value of the series 
capacitor approaches a minimum and the length of the 
gamma rod approaches the height of the tower. This 
is the liaiting case* 
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Rg. 12 40-meter vertical. Gamma rod length and seres capacitance vs. 
electrical height of tower. Parallel capacitance required to match coax line 
Is approximately 325 pP. 


Rg 13 80-meter vertical. Gamma rod length and series capacitor vs. ele* 



approximately 650 pP. 
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Fig. 14160-meter vertical. Gamma rod length and series cBpBdtor v* aIrc- 
trfcBl height of tower. Parallel capacitance reqjlred to match co3x line 1$ 
approximately 1300 pF. 


Gamma Match Construction 

A rugged assembly can be made by constructing 
the gamma rod of one inch (25 mmi diameter aluminum 

tubing spaced away from the tower 10 to 20 inches 
(25 to 50 cm)/ depending upon the cross-section size 
of the tower. If difficulty is experienced in 
matching, the rod-to-tower spacing should be 
changed. 

'•?he rod can be spaced from the tower by of 

insulators made of one inch PVC plastic water pipe. 
One end of each insulator is notched to fit the 
tower leg* Slots are cut in the pipe on each side of 
the end and a hose clamp is run through the slots 

and around the tower leg. A similar arrangement is 
used tor tne gamma rod (Fig. 15). The variable 

shorting bar is made of aluminum strap connected 
between the rod and the tower by means of hose 
clamps. 
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Fig. 15 Construct on of gamma rod matching system. Spacers are made 
from PVC water pipe with ends slotted to pass lose clamps which 
incircle tower legs. 
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Small receiving-size variable capacitors can be 

used fnr tho garma match for power levels up Lu 250 

watts# but transmitting capacitors with a plate 
spacing of about 0.15 inch (3.8 mm)# or more# should 
2 used for power up to the legal limit. It is 
important that both capacitors be protected from the 
weather by placing them in a waterproof box. 
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Adjusting the Gamma Match 
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Length and diameter of the gamma rod# the 
spacing from the tower , and the value of the 
capacitors determine the inpedance transformation. A 

•ft" 4 A> 

dip meter and the rf impedance bridge described in a 

i.X : ' 

later chapter can be used to adjust the match. The 
feedpoint of the gamma match is attached to the 

wl-m 

terminals of the bridge. In brief# a small amount of 
rf power is fed to the match and dip meter. 

requency# gamma capacitance and rod length are 
varied until a null is found at a bridge setting of 
50 ohms. If it is difficult to find a null# the 
od-to-tower spacing should be increased. Once a 
preliminary null has been found# the variojs 
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component dimensions are refined to position the 
null at the design frequency of the antenna* The 
matching system is rather broad In adjustment and 
can move the resonant frequency of the tower several 
hundred kHz to complete the match. 

Prepacing the Tower 

The tower must be prepared to work properly as a 
vertical antenna. Metallic guy wires should be 
broken up by strain insulators every 10 feet <3 ro). 
All control cables and coaxial leads coming down the 
tower should be taped to one leg ot the tower and 
run down to ground level. They are then brought away 
from the tower on the surface of the ground# or 
under the ground# suitably protected. 

If the tower is the crank-up type# jumpers 
should be connected across the joints to insure a 
good electrical cuouecLivm between Lti€f towci 
sections. 

Since the tower is only one-half of the antenna 
system# cere must be taken to install an efficient 
radio ground system. In addition# the tower shouLd 
be grounded against lightning by one or two ground 

xudb ciL Lite base. A system of radial wires laid out 

on# or above# the surface of the ground will suffice 
for proper operation of the tover as a vertical 
antenna. See chapter 2 for additional details. 

The Matching Device—The Final Word 

A matching device can match the feedpoint 
resistance of any vertical antenna to a coax 
transmission line. The device can take the form of 
an L-network# or a linear network such as a gamma 
match. In addition to impedance transformation# the 
L-network can also establish resonance in many 
cases. The gamma match, in particular# is useful in 
matching an existing tower for service as a vertical 
antenna. 
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Ground Plane Antennas 




One of the nost 
service is the 


popular antennas for both h£ ard 
ground plane antenna* The basic 


is 


above 


ee Chap* 2, 


an 


design is a quarter-wavelength vertical antenna 
mounted above horizontal# one-quarter wavelenqth 
i&iials spaced equidistant around the antenna base 

i Csee Chap* 2, Fig. 11)* The antenna radiates an 
miidirectional, vertically polarized pattern* 

The radiation resistance of a full-size ground 
jtlane antenna runs between 35 and 50 ohms (depending 
up:>n radial placement) and provides a good match to 

I a* coaxial transmission line* 

| The radial £ provide a radio (rf) ground point 
directly below the antenna and when the ground plane 
Es mounted a half-wavelength or more above the 
surface of the earth# ground return current losses 
are quite low* The theoretical field strength of a 
ground plane is about 0*b dB less than an equivalent 
dipole but in real-life the two antennas show equal 
performance* 

1 When mounted in the clear above good ground the 
ground plane antenna provides low angle radiation 
phat is necessary for long distance communication. 

I shown in this chapter are various ground plane 
antenna designs for the hf and vhf bands that are 
useful for general amateur service. Information is 

p| 

provided for use of the antennas at any frequency in 
phe hf spectrum. 


show equal 


radiation 
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HEIGHT OF 9A5C ABOVE CftOU.NO<*> 


Fig. 1 As base of vertical antenna Is 
elevated above ground fewer *adial$ 
are required until, when base is about 
one-half wave in the air, only 3 or 4 
radlals are necessary. 


How Many RadiaIs are Needed? 

The vhf ground plane antenna mounted several 
wavelengths above the earth wiXs well with only 
three or four radials, equally spaced around the 
base of the antenna* provided the feedline is 
isolated from the antenna field* It has been shown, 
however, that when “he antenna is close zo the 
ground in terms of wavelength, more radials are 

required because the vertically polarised field of 

the antenna is susceptible to ground losses oelow, 
and in the immediate vicinity of, the antenna* A hf 
ground plane close to the earth (that is, with the 
base on the ground or less than 0*3 wavelength above 
it) may require from 60 to 120 radials to 

effectively shield the antenna from the "1 

ground* As the ground plane is raised in the air, 
fewer anc fewer radials are required for good 
performance until, when the base of the antenna is 
about one-half wavelength (or more) in the air, the 
number of radials can be reduced to three or four 

without ireurring sovoro ground loee (Pig. 1> * 

For example, for a rooftop installation oi a 20 
meter ground plane on a single story residence, with 
the base of the antenna about 1C to 15 feet (3 to 
4.5 m) above the surrounding ground level, a minimum 






ina piane antenna rises to so on 


is 

suggest 

13 

mounte 

ut one-half 

und. 

only 

rovide good 


"Droopi 

sic 

groun 

the 

horizo 


On the other hand/ if tne 
op a house or tower with 
elength, or 35 feet (10.6 
ee or four radials tre 
formanee. 


Radials 

lane design places 

nl .mo . anii.il 1 V fi 













VERTICAL ANTENNAS 


122 



around the antenna base. This provides the best 
approximation of a solid ground plane. It is 
possible, however, to slope the radials downwards 
from the horizontal plane. This causes them to 

x adiaLe and thus raises the feedpoint rcciotanco of 

the antenna. A downward slope of about 40 decrees 
from the horizontal raises the feedpoint resistance 
of the antenna to about 50 ohms, providing a good 
match for a coaxial line, when thi3 is done, the 
radials can also serve as guy wires for the antenna 

(Fig. 2). 

When the radials drocp down as shown, the gain of 
the ground plane is raised by about D.3 dB over that 
of the noma! configuration, but tie protection of 
the near-field from ground loss is reduced. It is 
doubtful if a casual observer listening to a signal 

tranccaittod f i r«?t" hy a rnnvpnt -i on a 1 ground plane and 
then by a "drooping” version could notice any 
difference in signal strength. 
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Practical Ground Plane Antennas for the HP Bands 


The ground plane antenna is a popular perfomer 
on the hf bands* It is too large, however, for the 

lower frequency bands unless the user has plenty 
space ror che radial system* on tna higher 

(10-50 MHz) it is small enough to fit into meny 

back or side yards* One common design takes 
the form of a vertical aluminum radiazor attached to 
a wood mounting post, or a house chimney, with a 

network of ground plane wires at the 

c~.jiiiplet.ely self-supporting Installation can 

which utilizes aluminum tubing for the radials* 

If the ground plane antenna is clear of 
ground (say, 0*2 wavelength), a minimum 
radials is recommended. Many amateur installations 
use up to ten or twenty radials, as they are 

inexpensive to install and relatively uuubliubive* 

antenna elevations, less radials are 


base* A 
be made 


of 


the 

six 
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At higher 
required. 

Antenna dimensions for the high frequency bands 
are given in Table 1 along with the general formula 
for ground plane dimensions for frequencies up to 50 

MHse. Antonna and radial lengths ore the same. 

The dimensions are for wire or tubing elements 
than 0*5 inch (12*7 fun) in diameter. For larger 
diameter elements, the lengths should be multiplied 
by 0.98* 

Tapered elements are a special 
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instance, the tiaporpri p! prm»ni- ■»«? longer 


. In this 

than normal. 


The amount of correction depends upon the ratio of 








the base-to-tip diameter of 
of 2, the lengths given are 


the 



a ratio 


multiplied by 1.02; for 


I a ratio of 3, by 1.04;and for a ratio of 4, by 1.06. 
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Erecting a Ground Plane Antenna 

The easiest approach is to buy a kit antenna from 
a reputable manufacturer. Amateurs interested in L0 
or 6 meter operation can often purchase an 11 meter 
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Fig. 3 Ground post to support vertical antenna Is made waterproof at base 
by a heavy multiple wrapping ol overlapping aluninum foil held In place 
with vinyl tape. 
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CB ground plane antenna and cut it to frequency. For 
the lower frequency bands# however# it usually is 
less expensive to build the antenna than to buy a 
■jdt. The vertical section ran be made of telescoping 
aluminum tubing (normally available at the larger 
ardwaro shnrps and mAtal dealers) and tho radiale 

copper wire. 
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If the base of the antenna is near ground level# 
a wood post can be sunk into the ground and the 
antenna mounted on it. A practical 
antenna is shown in Fig.3. 

■well painted and wrapped 

ng# kitchen-type 
it from termites , 

The wrapping is carried up the post to above 
level and is held in place by vinyl 
tape, if the antenna is cuyed# the post 
sunk in the ground only two or three fest 
(0.6 to 0.9 m). An unguyed antenna requires a longer 
ground post. 

Since the rf voltage at the base of the ground 
plane antenna is relatively low# the post is given 
several preservative coats of roofinc compound or 

varnish and the antenna bolted directly to it by 
means of TV-type# galvanized U-bolts. 

The radials can be soldered to a ring of bare 
copper wire circling the post directly under the 
antenna. The ring is connected to the shield of the 
coax line. Since the far ends of the radials are 

with rf# they are attached to insulators which 
held in position by short lengths of rope or 

wire. 

The technique of attaching the coaxial line *;o 
the wire ring is very important so as not to allow 
water to entar the line. In a heavy rainstorm# a 
goodly amount of water runs down the vertical to the 
base and unless precautions are taken# the water 
enters the coaxial line and is sucked along the 
inside of th? line by capillary action of the 
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braided, outer shield. Line deterioration and 
increased rf losses will quickly follow if this 
comes to pass. 


Protecting the Line 

There are several ways of protecting the coax 
line from moisture. Cne of the best is to place a 
waterproof coaxial connector on the line and a 
matching receptacle at the antenna base. The popular 
type PL-259 plug and SO-2 39 receptacle are not 
waterproof and are not recommended for *>p jnh, 
although a number of amateurs use them. 

If you do use these connectors, screw them on 
very tightly, tape every joint with vinyl electrical 
tape, or the newer electrical sealing tape, and then 
coat everything with General Electric RTV-108 
sealant. 

The modern type-N coax connectors are 
waterproof, however, and can be used, provided the 
user has the expertise to place the plug on the line 
correctly (Fig. 4). 

The next best bet is to peel the outer insulation 
of the line back for a few inches, unbraid the 
shield and twist it into a pig-tail connection. The 
inner insulation is then stripped back froa the 
center conductor for an inch or so. Connections can 
be made to these terminals. In order to waterproof 
the joint, it is coated with a sealant (General 
Electric KTV-108, for example) and then wrapped with 
vinyl electric tape. 

The VKF Ground Plane Artenna 

The ground plane is an extremely popular antenna 
on the amateur bands above 10 meters. The greater 
percentage of Cm repeater operation employs vertical 
polarization because of the mobiles that use the 
repeaters. Remarks that apply to the high frequency 
ground plane antenna apply equally to the vhf ground 
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fitting. Type UQ-21/U plug Is used, {Drawing courtesy Amphenol Corp.) 
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/ (MHz) 

Element Lergth 


Inches (CM) 

144,0 

19.50 (495) 

146.0 

19.25 (19.25) 

2230 

12.60 {320} 

445.0 

6.30 (16.00) 

LENGTH (IN) 

2608 

/ (MHz) 


Table 2. Element dimensions for 
VHF ground plane antenna. 


plane, with the exception that the vhf antenna is 
usually mcuntea many vavelengths above ground, Tiiii* 

helps to counteract ground loss bereath the antenna, 
but complicates matters in that it is easy for the 
field of the antenna to interact with the outer 
shield of the coaxial transmission line unless 
precautiors are taken during the installation of the 

antenna, ZnLtfx.auLion such as thio cauacc tho lino to 

become part of the antsnna and tends to nullify the 
good, low angle radiation of the antenna, making it 
less useful for vhf ground range coverage. 

Building the VHF Ground Plane ?intenna 

As mentioned earlier, several manufacturers 
provide antenna kits and it :s economical to 
purchase one, as the kit often costs less than the 
equivalent aluminum and hardware required to build 
the antenna. Antenna dimensions specified with the 
kit can bo mAtfhpd against the information given in 
this chapter. 

In the region above 30 MHz, the diameter of the 
conductors used in the ground plane antenna becomes 
of importance because this dimension starts to 
approximate a fraction of a wavelength, 7>s the 
elempnt 1 pngth-to-diameter ratio decreases, the 
element becomes shorter for a given frequency. That 
is to say, a "fat" element is shorter than a "thin" 
one. This distinction is relatively unimportant 
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ioelow 30 MHz for simple antennas but assumes greater 
significance as the higher frequencies are 
approached. 

Table 2 provides element dimensions for ground 
plane antennas for use in the vhf/uhf spectrum. 

Gonorally speaking, it i= host to uso "thin" 

elements. One-quartor inch (6.35 mm) diameter tubing 
Is suggested for the 144 MHz band and one-eichth 
Inch (3.18 mn) diameter cod or tubing is recommended 
for the 220 end 445 MHz bands. 

riprmipl ■» ng fnp Antpnna from fhp 'TnmRnii ssinn r.** np 

It is important to make sure that the field of 
the antenna does not influence the transmission 
line. In particular# the outside of the coaxial line 
can have rf voltage induced on it by virtue of 
unwanted couplinq to the antenna. If coupled voltaqe 
exists# the line becomes a portion of the antenna 
and any SWR measurements made on the antenna are in 
error because the instrument "sees" the line as cart 
of the antenra. 

In addition# the interplay of radio energy 
between anterna and the outer shield of the line 
tends to distort the radiation pattern of the 
antenna# negating some of the low angle radiation so 
important on the very hig'i frequencies. 

It is simple to decouple the line from the 
antenna. All that is required is that the line be 
vound into a simple decoupling choke at a point 
directly below the antenna. In addition# the line 
should drop down directly below the antenna for at 
least a half-wavelength before being led off to the 
station. 

The Decoupling Choke 

A coaxial line can be wound into a circle whose 
diameter is about twenty times the diameter of the 
cable. A bend sharper than this can distort the 
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FREQ 

50 OHVIS 

75 OHMS 

C(pF) 

(MHz) 

L 


(APPROX.) 

1.85 

141.5 

156.8 

500 

1.95 

134.4 

148.7 

500 

3.60 

72.3 

80.6 

300 

3.80 

69.3 

76.3 

300 

7.10 

36.3 

40.9 

150 

10.1 

25.3 

28.7 

110 

14.1 

18.S 

20.6 

75 

18.1 

14.5 

16.0 

60 

21.2 

12.4 

13.7 

50 

24.9 

10.5 

11.7 

45 

28.6 

9.2 

10.1 

35 

29.2 

9J0 

9.9 

30 

50.1 

52 

5.8 

25 


(FEET X 0.3048 = METERS! 


Fig. 5 The extended HF ground plane antenna provides good match to SO 
or 75 ohm tlae. Series capacitor tunes out Inductive reactance of antenna. 
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inner conductor of the cable and lead to trouble* 
Guided by this limitation, it is sate to wind the 
3G-8/U (RG-*13/U)-type cable into a coil about 10 

inches (25 cm) in diameter. The smaller RG-58/U-type 
cable can he wound into a coil approximately 5 
indiea (13 cii.) in diameter. 

A hf decoupling choke consists of six turns of 
cable and a vhf choke can be made from three turns 
of cable. The choke is held in position by means of 
plastic cable ties or vinyl tape. It is placed near 
the feedpoint of the antenna, at right angles to the 

plane of the radioId. 

The Extended HP Ground Plane Antenna 

As in the case of the Marconi antenna, the length 
of the vertical portion of a ground plane antenna 

can bo oxtondod oo as to raico the feedpoint 

resistance up to 50 or 75 ohms. In either ca 3 e, 
radial length remains as shown in Table 1. 

Dimensions for 0.28 and 0.31 wavelength long 
extended ground plane antennas are given in Fig. 5. 
The first design provides a close match to a 50 ohm 

coax line and th*» sprnnrt to a 75 ohtn lino. Both 

designs require a series capacitor to establish 
antenna resonance. The capacitor is adjusted for 
lowest SWR on the line from antenna to transmitter. 
The capacitor is isolated from ground and placed in 
c waterproof dox at the base of the antenna. ?he 

coaxial line is sealed against moisture at the point 
it enters the box. 

The antenna is adjusted at the design frequency 
for unity SWR on the transmission line by varying 
the capacitor and the antenna length. Element 
diameter and taper data dicussed with reference to 
Table 1 also apply to Fig. 5. 
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Che 5/8-wave Ground Plane Antenna 

In the ’’Proceedings of the IRE”, April, 1935 
Gihring and Brown published their classic study on 
the field pattern alang the ground for vertical 

antennas ©i' different lengths* One of the results of 

this study has been the popularity of the 5/€-wave 
high vertical antenna for broadcast service and 
amateur VHF use* This design combined high radiation 
efficiency with a power gain at lov radiation angles 
of nearly 3 dB over a comparison 1/4-wave vertical 

antenna, Zn order to octablish resonance, a email 

base loading coil is added to the antenna to extend 
the electrical length to the next resonant point at 
3/4 wavelength. 

Amateurs have used this interesting antenna on 
the hf and vhf bands with mixed results* When an 
elaborate ground system is hsaH # t-hp antenna 
performs as expected* However, when used with 
conventional quarter-wave radials (as is commonly 
done on the vhf bands) the antenna often proves to 
be a disappointment, snowing little, if any, power 
gain over a conventional ground plane antenna* 

The Expanded VHF Ground Plane Antenna 

Tests run by Ralph Turner, W8HXC, and Don 
Norman, AF6B, on various 2 meter vertical antennas 
have shown that jnder some circumstances 
(particularly when the antenna is many wavelengths 
above ground and the coax line is long in terns of 
wavelength) the feedline becomes pert of the antenna 
system, in spite of the use of conventional radials. 
This disturbs the antenna pattern ar.d destroys much 
of the low angle radiation* 

The quarter-wave ground plane provides good 
feedline isolation if the coax lire is wrapped into 
a decoupling coil belov the antenra, as described 
earlier in this chap-er. The £/8-wave antenna, 
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however , exhibits current flowing along the outside 
of the coax line even after it is coiled into a 
decoupling ooil. The radials are not doing the job 
they were intended to do. 

The 3/4-waveleogth Radial System 

Experiments were run on a 5/8-wave 2 mater 
extended ground plane antenna to determine if the 
feedline requires additional decoupling from the 
antenna field* It was found that satisfactory 
isolation san De obtained if the radials are 
lengthened to 3/4 wavelength* An antenna modified in 
this fashion provided superior performance over a 
1/4-wave ground plane and also over a 5/8-vave 
ground plane with conventional 1/4-wave radials* 

Extended radials on this antenna type also proved 
helpful during antenna tests on the 0 and 10 meter 
bands* It is doubtful if they would be an asset for 
lower frequency antennas, as these are usually 
mounted closer to the ground in terms of operating 
wavelength* 

Antenna Dimensions 

The expanded 5/8-wave ground plane is a large 
antenna when compared to the conventional 1/4-vave 
design and is not commonly used on the high 
frequency bends* It is useful in the vhf region 

beeaiiRP it ><; relatively email and provides power 

gain for omnidirectional repeater service* Shown in 
?ig. 6 are antenna dimensions for 28 through 440 
MHz# with additional data provided for construction 
of the antenna for an/ frequencies outside the 
amateur assignments. 

The Base Coll Adjustment 

In order to establish resonance for a 5/8 

vavelength antenna a small inductor is placed at the 
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BAND 

WHIP 

RADIALS 

COIL 

(MHz) 

IN. 

CM 

I 

IN. 

CM 

(/<H) 


28 

SO 

144 

220 

440 


25900 

147.6 

51-25 

33.54 

16.77 


658 


294.0 


375 | 167.8 

130.2 I 58.25 


85.2 

42.6 


38.12 

19.1 


746.0 

426.0 

148.0 

96.8 

48.5 


1.54 

086 

0.30 

0.19 

0.09 


Fig 6 The expanded 5/8-wave ground plane for 144 MHzband. Lower draw 
Ing shows mount for whip antenna. Mount is made of plastic or other in¬ 
sulating material. 
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base of the antenna. A tap point on the coil near 
the ground end is selected and the antenna is placed 
in a clear position, with the base about head 
height. 

A SWR vs. frequency curve is run and the readings 

loosed every 5D or 100 kHz across the band. The 
point of lowest SWR is near the resonant frequency 

of the antenna. The SWR response is quite broad ar.d 
the slope of the curve is very mild, showing the 
antenna has good bandwidth performance. Adding or 
subtracting a fraction of a turn from the base coil, 

or changing antenna length an inch or two will move 
the SWR minimum point to the design frequency. 

The final step is to adjust the tap point, a 
quarter-turn at a time to reach the point of lowest 
SWR. The experimenter will find that coil tap, 
number of coil turns and vertical antenna height are 
interlocking. If the antenna is too short, for 
example, increasing coil inductance or antenra 
height brings it into resonance. Moving the coil 
tap, too, accomplishes the same purpose, although 
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too big a tap movement raises the SWR, The builder 
will find, however, that the antenna is very 
"forgiving” and adjustments are not critical. 

The Radials 

For vhf service, the radials can be made of small 
diameter aluminum tubing. For a hf antenna, it is 
recommended that the radials be made out of wire as 
they are less visible {and less objectionable to 
neighbors) than are the tubing equivalents. 

Tha HF 5/8-wave Ground Plane 

The 5/8-wave ground plane is an interesting 
antenna for those amateurs who desire signal gam, 
but do not have the room or the permission to erect 

a rotary ooam. This antorma proviaoc a solid 3 dD 

gain over the conventional ground plane and, when 
properly installed, provides that gain at the lover 
angles of radiation where it is needed for DX 
contacts. 

Decause the feedpoint of this antenna provides a 

reactive load to the transmission line, the antenna 
is electrically extended to 3/4-wavelength by means 

of a base loading coil. 

It is possible to achieve the same match by 
lengthening tne antenna zo 3/4-wavelength, but this 
length would exhibit lobe splitting in the vertical 
plane, and most of the low angle radiation would be 
lost. The solution is to wind the required length 

into a small inductor which will not radiate, thus 
preserving the low angle radiation of the antenna. 

Shown in Fig. 7 is a design for the high 
frequency bands. The transmission line is decoupled 
from the field of the antenna by coiling it into an 
rf choke at ths antenna base. 

Antenna matching is accomplished by tapping the 
transmission line on the base coil vhich should fee 
inclosed in a waterproof container. Coil inductance 
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Fig. 7 HF 5/8-wave DX antenna provides 3 dB gain over a ground plane. 
Antenna Ib resonated by adjusting inductor at base. At least three radials 
should be used wlh this antenna. 


ard antenna height are interlocking and different 
dimensions in one can be made up by altering the 
other. 

Building the Antenna 

The vertical portion of the extended ground plane 
is made of sections of telescoping tubing. A chart 
of tubing diameters is given later in this handbook. 
At least one set of insulated guy wires is required 
for the smaller antennas and two sets are required 
for the larger ones* 

The radials for the antenna can be made either of 
aluminum tubing or wire. If the antenna is mounted 
above ground level, the radials can possibly serve 
as guy wires to steady the assembly. Many amateurs 
have had excellent results with the antenna mounted 
or. the roof of their residence, with the radials 
running along the surface of the roof. Others have 
post-mounted the antenna with the radials fanning 
out at 6 to 3 feet (1.8 to 2.5 m) above ground. The 
loading coil is mounted in a waterproof box at the 
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base of the antenna with the feedline brought into 
the box via a waterproof joint. 

Tuning the Antenna 

After -the antenna is assembled and mounted in 

place, the vertical section is shorted to the 

radials via a two-turn coil which is coupled to a 
dip meter. Loading coil inductance or antenna length 
is adjusted so as to provide a resonance indication 
at the design frequency* 

The npyf is to match the antenna to the 

transmission line. This is accomplished by moving 
the tap, a quarter-turn at a time, up from the 
bottom of the coil and noting the SWR on the 

transmission line after each setting. Once an SWR 
null has been found near the design frequency, an 
SWR sweep across the band is and th© swp 

plotted against frequency on a graph. This curve 
should be saved for future reference. Slight 
adjustments to tap and coil can “zero-in 1 ' the SWR to 
unity at the design frequency. 


Short, Loaded Radials 

What to do when ground plane radials are longer 
than the space available? A solution to this problem 
is to insert a loading coil in each radial zo 
establish resonance. Radials as snort as 0.1 

wavelength have been loaded to 0.25 wavelenqth in 
this manner. 

The loading coil should be placed in the middle 
of the radial. Typical radial length and coil 
inductance are given in Fig. 8. As in the case of a 
coil-loaded antenna, the radials should be resonant 
at the design frequency. This can be accomplished by 
connecting two radials together via a two-turn coil 
to form a dipcle element. The coil is coupled to a 
dip meter and the radial tips are trimmed equally 
until resonance is established. 
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Band 

Radial Length 

Ft, (Utters) 

loading 
Cod (£HJ 

160 

633(1929) 

[ 9i 6 

80 

035(1021) 

j 40.3 

40 

160 (4SC) 

! 19 9 

3D 

US (3 5) 

IflX 

20 

3.3(2.53) 

90 

!7 

6.5(1.90) 

63 

IS 

5.5(1.67} 

5.7 

12 

4.6(1.40} 

4 7 

10 

-.— - —-. 

4,C(1.22} 

4.0 

6 1 2.1 {0.7) 

20 


LOADING COIL 
ITyoicall 


Fig. 8 Short, coil-loaded radials for ground plane antenna. Radlals should 
fce resonated at desired frequency as operating bandwidth Is less than lhat 
cf conventional radlals. 


Coil-loaded radials are quite frequency 
sensitive and limit the operating bardwidth of the 
antenna more than conventional radials do* Even so# 
if the space permits nothing else# this is the way 
to do the job. 

The Inverted Ground Plane 

Raising tie ground plane in the air helps in two 
Miys. First, it elevates the radiating element from 
the lossy ground and second# it gets the aree of 

maximum current up in the air where it can do come 
good* If you zannot get your ground plane up in the 
air# the next best thing zo do is invert lti 

The inverted ground pLane was first tried in the 
early "forties" and was gaining popularity when 
radio amateur activity was closed down during World 
War II* After the war it was forgotten until it was 
nade the basis of a “hot" beam antenna# to be 
described in the next chapLex. 

The basic inverted ground plane is shown in Fig* 
5* It consists of a base-fed# quarter-wave vertical 
section# connected to two quarter-vave radials at 
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the top. The radials can serve as supports for the 
vertical wire, making an inexpensive and easily 
installed antenna. 

Since only two radials are used, the radiation 
pattern is rot truly omnidirectional, providing 

about 2 dD mere radiation in-line with the radidls 

than at right angles to them. 

The inverted ground plane is fed with a parallel 
tuned circuit which is adjusted to resonance witi a 
dip meter. Next, a small amount of power is fed to 
the antenna ard the tap on the inductor moved back 

and forth, a bit at a timo, until tho nnint- of 

SWR is found. Circuit tuning should then be touched 
up for minimum SWR reading. 

The ground connection for the inverted ground 
plane carries little rf current and a single ground 
rod and screen (such as described for the Bobtail 

beam in the naxt ehaptor) will *nf f i ftp. 

7i Helical Antenna for 40 Meters 

Many amateurs require a low profile antenna and 
even a quarter-wave vertical antenna for the lo^er 
frequency bends can fce too tall under some 
circumstances. Shown in this section is a 40 meter 
ground plane antenna that is only 16 feet (4.9 ra) 
high. It consists of a helical-wound vertical 
antenna using three wire radials (Fig. 10). 

The vertical element is wound on a 17 foot (5.3 

m) long varnished bamboo pole, or section of plastic 
pipe. The pole is wound with no. 18 enamel wire. The 

top 11 feet (3.35 m) of the pole is wound at a pitch 
of one turn per 1.5 inch (3.8 cm). This is followed 
bv a closewound coil of 26 turns of no. 14 enamel 

m 

wire. Coil diameter is or.e inch (2.54 cm). The next 

portion of the winding consists of 48 inches (1.22 
ml wound at a pitch of one turn per inch. The bottuui 

winding of the helix consists of 16 turns of no. 18 

spacewound the wire diameter. 












































VERTICAL ANTENNAS 




Fig. 10 Helical-wornd ground plane antenna for 40 meters. Element is dip¬ 
ped to frequency and trimmed by means of base cell. 

The antenna is adjusted to 7.25 MHz (or any 
other frequency in the 7 MHz band) by resonating it 
with a dip meter. The antenna is placed in position 
and connected to the radial system via a small two 
turn coil. The coil is coupled to the dip meter. 
Antenna resonance is set by adjusting the bottom 
ceil of the helix a turn at a time. 

Antenna bandwidth between the 2-to-l SWR points 
on the feedline is about 130 kHz. (A version of this 

antenna was described by John McFarland# W4ROS# in 
tlie May# 1971 issue of "Ham Kaoio" magazine.) 



Chapter 6 


Phased Vertical Arrays 


Two or more vertical antennas can be combined 
into an array whose field pattern is the sum of the 
fields of each of the antennas* The combined field 
is a function of the spacing between the individual 

antennas, the power in each# and the electrical 
phase difference between them. Arrays of this type 
are common in broadcast and low frequency service 
and simplified versions of these antennas are useful 
for amateur hf communication. 

Element Phasing 

Unlike the parasitic Tagi array# all elements in 
a phased array are fed power directly from the 
transmitter. Each element is in the near-field of 
another element ana the elements react upon each 
other so thai the feedpoint resistance of all of the 
elements is changed. 

In broadcast arrays# the feedpoint resistances 
are matched because the null in the pattern of the 
array is carefully positioned so as to protect 

another broadcaster on the same channel • Amateur 
phased arrays have no need of such null -protection 
and the conplex networks necessary to match the 
elements in a phased array are not commonly used. 
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Fig. 1 Field patterns of phased vertical antennas. At left is broadside pat¬ 
tern of two elements fed in-phase. At right is pattern of out-of-phase anten¬ 
na;. Lengths shown are electrical, not physical. 


The desired phase shift between tie elements in 
an amateur band phased array can be controlled by 
the physical spacing of the elements and the 
electrical length of the coax line “hat connects 
them together. An electrical half-vave line is 
equivalent to » phAR<» six ft of 180 degrccc/ a 

quarter-wave is ecual to a shift of 90 decrees, and 

™ ** i00 w 

so on. By changing the length of the line and the 
element spacing, the field pattern of the phased 
array can be moved about without moving the 
elements. Fig. 1 indicates representative field 
patterns that can be obtained from tv^rtics.1 
antennas. In general, if two antennas spaced a 
half-wavelength apart are fed in-phase, a figure-8 
field pattern at right angles (broadside) to the 
plane of the two antennas is produced. If the 
antennas are fed 180 degrees out-of -phase, a 
figure-8 pattern in line with the antennas 
(end-fire) is generated. Finally, two antennas 
driven 90 degrees out-of-phase with quarter-wave 
spacing will produce a unidirectional, cardioid 
pattern in line with the antennas. The theoretical 
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front-to-back ratio of this design is 23 dB, however 
coupling between the antennas unbalances tne 
feedpoint resistances which unbalances antenna 
currents♦ The result is a drop in gain of about 0.5 
<JB from the maximum figure of 3 dB and a reduction 
of the front-to-back ratio to about 10 dB* 

Power Gain of the Phased Array 

As in the case of a single vertical antenna, a 

good ground system is required for a base-fed phased 
array, when the array is ground mounted, a ground 
screen or multiple radials, at least 0.2 wavelength 
long, should ion out frorr the base of each antenna. 
Sone amateurs construct a large, oval-shaped radial 
screen that encompasses both antennas. 

when two broadside half-wave antennas are fed 

in phase, with half wave separation, theoretical 

pover gain over a single antenna is about 4 dB. In 
the 180 degree, out-of-phase mode power gain is 
approximately 2 dB. Power gain for the 90 degree, 
out-of-phase mode with quarter-wave spacing is 3 dB. 
Three elements with half-wave scacing provide 

about 6 dB gain in tho in-phaeo mod©. 

The Bobtail Beam 

First described by W.W. Smith, W6BCX, in 1948 in 
the old "Radio" magazine, the Bobtail beam has 

prnvnn ho h© a gnnd DX anfpnna for tho low frequenty 

bands. It is a simplified version of a three element 
vertical broadside array using quarter-wave elements 
(Fig. 2). In the classic version, three half-wave 
elements are base-fed in-phase with equal currents, 
and the elements are spaced a haIf-wavelength apart. 

In the Bobtail beam, the center element is fed 

directly and the outer elements are fed via 

half-wave wires connecting the upper tips of all 

elements. Because of current reversal in the 
horizontal wire, there is little radiation from it. 









FEET X 0.3048 * METERS 

Rg. 7 Basa-forf, iit- phase elements of Bobtail beam give pattern In 3 nd 
out of page. Parallel tuned resonant circuit couples antenna to coax Ine. 

Tne array has a broad, figure-8 pattern at right 
angles (broadside) to the line of the vertical 
wires, and provides about 5 dB gain over a 
comparison ground plane antenna when the path length 

exceeds 2500 miles (4000 km). 

The height required for an 80 meter array i s 
about 70 feet (21.3 ra), but for 40 meters, the 
required height is only about 30 to 40 feet (10 . 1 to 
12.2 m). 

The feedpoint resistance at the bottom of the 
center vertical element has a very high value at the 
design frequency and a parallel tuned, low-c circuit 
matches the antenna to a 50 or 75 ohm coax line. 
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Because of the high feedpoint resistance and the 
fact that the high current portions of the array axe 
elevated above ground, ground current is very lew 
and an elaborate ground system is not necessary* A 
six foot (1*8 n) ground rod in conjunction with a 10 

fnnt Rquaro ( 3x3 xn) ground snropn directly be lew 

the feedpoint are ample. 

Ready-made screen material available in the USA 
and Canada is a 3x5 foot (0.9x1.5 m) piece of 
galvanized hardware cloth or chicken wire found at 
large home improvement stores. As many pieces as 

will fit into the available space should be soldered 
together and laid atop the ground. 

Remember, the bottom of the vertical sections is 
"hot" with rf and can cause a bad burn if high power 
is run and the antenna accidentally touched. One way 
to avoid this is to slip some small diameter, clear 

plastic tubing Isuch as a fuel line) over the encs 
the wires closer than 8 feet (2,5 m) to the 










Building the Bobtail Beam 


| The top horizontal wire of the beam is made cf 
piard-drawn or steel core copper wire to prevent 

stretching. It can be suspended about head height 
betveen two points and the vertical wires soldered 
to it. Once the assembly is complete, it is hoisted 
into position and the vertical wires brought down 
and tied to convenient points at, or near, ground 
level. The tuned matching circuit is placed in a 
waterproof box at the base of the center element. 


Tuning the Antenna 


Ik i 


As with other antenna designs, antenna resonance 
can be set with a dip meter, couple the meter to the 
tuned circuit and adjust it to the design frequency. 
Power is then applied to the antenna from the 
transmitter and the tap point on the coil adjusted 











143 VERTICAL ANTENNAS 

by observing the SWR cn the transmission line. 
Circuit tuning and tap placement are somewhat 
interlocking and the antenna should always be 
brought into resonance after a tap point change is 
ni&de • 

The loot otcp io to moke on SWR cwoop across tho 

band and log the reverse readings at 50 or 100 kHz 
intervals* The design frequency of the antenna ran 
be moved about by retuning the matching circuit* 

A Half-Bobtail Array for 80,40,or 30 Meters 


Not enough room for a full-size Bobtail beam? 
Then consider a half-size Bobtail having only two 
vertical elements* Referring to Fig* 2, the smaller 
array would consist of the driven element and one 
horizontal wire runninq to a single top-fed element* 
(The array is sometioes called a "half-square 
antenna"•) The field pattern is at right angles to 
the plane of the array and quite bread* Power gain 
over a ground plane is about 3 dB when the path 

length exceeds 2500 mi* (*000 km). 

This antenna can operate on several other bands* 
It serves as a quarter-wave Marconi on the next 
lower frequency band ard can be operated against 
ground with a matching network* On the next higher 
frequency band, it acts as an end-fed wire. It can 
be tuned to any point in this band b> resonating the 
tuned circuit to the higher frequency* The input tap 
need not be adjusted. 

A Two Element Base-fed Array 

This feed system overcomes the current unbalance 
problem common in a two element array and provides a 
cardlold C itrld palltrjLii with a forward gain of 3 dB 
and a front-to-back ratio of better than 15 dB. It 
consists of 3wo quarter-wave verticals, spaced a 
quarter-wave apart and base-fed 90 degrees 
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Fig. 3 Two element, base-fed array provides good gain and enhanced froit 
to back ratio with eardloid pattern. 


|out-of-phase. (Fig. 3). Eight quarter-wave radial 
wires are fanned out from the base of each antenna. 
The wires are laid on the surface of the ground. 

The antennas are fed with lengths of 75 ohm coax 
line (RG-ll/U or RG-59/U) that provide the correct 
phase relationship between the antennas. The phasing 

lines (LI/ L2) are cut to length with the aid of a 
|>dip meter to ensure correct phase shift. The two 

li.ies aie joined with T”t:oiiuet;toc end a single 50 

or 75 ohm coax line run from this point to the 
iistation. 
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S = 1S.5' (5.03M) 

Fig. 4 Four elements with suitable phase shift circuit provide end-fire pat- 

lorn in two direction* and brnnd*ida, hi.dirnntinnal pattern. Array Is v ow¬ 
ed from the top. 

Each antenna is individually adjusted to the 
design frequency by means of a dip meter coupled to 
c two turn coil connected between the antenna and 
the qround radial system. (This antenna is patterned 
after the design of Roy Lewallen, W7EL, shown in the 
August, 1979 issue of "QST" magazine.) 

h 4 Element Base-fed Array for 20 Meters 

This compact and unobtrusive four element beam 
provides switchable directivity in line with the 
elements, plus a broadside lobe to provide nearly 
complete coverage of the compass. Directivity is 
switched from the operating position by means of 
relays. (This array is patterned after an 80 meter 
design of W1FKK shown in March 1965, "QST" magazine 
and was built by Jim Gabriel, WA8DXB, and described 
in "Ham Radio" magazine. May, 1983.) 

Operation of the antenna is summarized in Fic. 4. 
In the end-fire (in-line) case, the antennas are 
driven with a 90 degree phase shift between them (0, 
90, 180 ,anc 270 degrees). This phasing provides a 
unidirectional pattern from tne u degree element 
through the 270 degree element having a theoretical 
gain of about 4.9 dB over a single element. To 
reverse the pattern 180 degrees, the antennas are 
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fed in the reverse order: 270, 180, 90 and 0 deg. 

A third switch position provides c bidirectional 
broadside lobe (at right angles to the line of the 

. This has a gain of about 5.3 dE. 





Building the Array 
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The 20 meter design uses four 16.5 foot (5.03 m) 
elements made of 1 inch <25.4 men), 7/8-inch (22.23 
mm) and 3/4-:nch (19.05 am) tubing with .058 inch 
(1.45 mm) walls. These sizes telescope within each 
ocher. The outer sections of tubing are slit tor a 
fev inches and a automobile hose clamp holds the 
joint rigid. ?he elements are mounted on plastic 

which, in turn, are mounted on 1-inch 
diameter treated wood dowels driven several feet 
into the ground. 

Tiie ground system for each vertical consists of 
an aluminum disc with a clearance hcle cut in the 

A series of holes are drilled around tne 
imeter and the radials are attached to the disc 
by means of brass nuts and bolts. 

The original installation used four quarter-wave 

radialo (laid out on the ground) per antenna. 

Results were poor, so additional radials were added. 
Eight radials per antenna gave much improved 
performance, finally,up to 30 radials per antenna 
were gradually added with noticeable improvement in 
performance. 

The Peed System 

The verticals are spaced 16.5 feet (5.03 m) apart 
and each is fed by an equal-length, 3/4-wave section 
of 50 ohm coax line. The same type line is used for 
the main feeder, the power divider and the phasing 
lines. 

The relay box wiring is short and direct to 
maintain the correct phase relationship between tne 
antennas (Fig. 5). Type-N fittings are used for tne 
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Rg. 5 Relay wiring. End-fire pattern is present with no dc applied. Dc ap¬ 
plied to terminals 2 and COM (common) reverses stray direction anc ap¬ 
plied to terminals 1 and COM provides broadside, bidirectional pattern. 
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Fig. 6 Relay box showing phasing linos coiled into position. Waterproof 
connectors are used 


I power divider and phasing line connections (Pig. 6) 
1 because they are waterproof devices* The relays are 
I surplus 115 V# 60 Hz large-contact units that 
Inactivate at about 35 vdc, 

! | The SWR is less than 1.4-to-l in the end-fire 

|inodes when twelve radials per element are used* It 
Pis less than 2-to-l in the broadside mode* 
^Additional radieIs reduce the SWR in both operating 


is 


ob 


Additional radiiIs reduce 
modes* 


Ik 


Element# Square Array for 40 Meters 


Described m this section is a four element# 
phased array designed by Jerrold Swan):# WbHXK# for 
use at Byrd Station, Antarctica (XC4USB). The 
antenna was described in the Kay# 1975# issue cf 
"Han Radi o'* magazine* 


section 


is 
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CABLE LENGTHS 

A-F and F-B - 35‘ (10.67W) 
A-D and BC = 67'8*' (20.62M) 


Fig 7 Four element, phased array used at Byrd Station, Antarctica on 40 
meters. Elements are quarter-wave whips. Gain Is about 6 dB over a single 
element. Physical spacing of elemerts shown in drawing. 

The array combines a broadside# half-wave spaced 
pair of vertical elements with quarter-wave spaced 
elements in a square configuration. Array gain is 
estimated to better than 6 dB over a single vertical 
antenna. The radiation pattern is at right angles to 

the line A-B and in the direction of the arrow in 
Fig. 7. 

The phasing lines between the quarter-wave 
spaced elements (A-D and B-C) are 3/4-wavelength 
long because when the velocity factor of the cable 
(0.66) is taken into consideration, a quarter-wave 
line is too short to span the distance. The longer 
line provides the same phase delay. 

A T-connection is located at the center of the 
line connecting the half-wave spaced elements. These 
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front 
pl one 


ground 
of the 

Lit; 


JLJi 


are connected to the T with equal-length lines, line 
length being noncritical in this instance. 

The antennas are supported about 6 feet (1.8 n) 
above ground and the radials extend out to 
level. The radials are placed in 

elements to provide the best ground 

desired direction. 

This array has been tested against a large 
log-periodic antenna mounted on a 100 foot (30.4 rc) 
tower over the Antarctic-USA path and provides an 
average signal within 3 decibels of that of the 

rauch-largor boan. 


Adjusting Coax Line Phasing Sections 


The radio wave travels more slowly in a coax 
lins than it does in free space, so the wavelenqth 

along a lino Is loss than tha frao spaco wavelength 

rfor a given frequency. 

The result is that the physical length of a 
given line section is always somewhat less than the 
electrical length. The velocity factor of a line is 
the ratio of the actual wave velocity along the line 
comoared to the velocity in free space. For 
conventional lines with a solid polyethylene 

dielectric, the factor is approximately 0.66. The 
coax line length corresponding to an electrical 
quarter-wavelength, then, for a given frequency is 
abo’Jt (246 x 0.66)/f, where 0.66 is the velocity 
factor and f is the frequency in meaahertx. 

Because the velocity of propagation of coaxial 
lines varies slightly depending upon manufacturing 
techniques, it is important to cut the line to 
length with the aid of a dip meter. The length of 
connecting plugs, if any, should be taken into 

account• 








156 


VERTICAL ANTENNAS 


Cutting the Line 

As an example, assume a coax line is to be cut 
to a quarter-wavelength at 7.15 MHz. Approximate 
line length is (246 x 0.66)/f, or 147.6/7.15 * 20.42 
feet (6.22 m).To be on the safe side, a section of 
line is cut about 21 f?et (6.4 m) long. Before 
measurements are undertaken, a coaxial plug is 
placed on one end of the line, the other end is 
trimmed even and the outer conductor edge tinned 
with a soldering gun to prevent sone of the braid 
wires from shorting to the center conductor. A 
single turn loop just large enough to fit snugly 
over the coil of a dip meter is soldered between the 
braid and the center conductor • 

The coax line is straightened out and the dip 
meter loosely coupled to the coil. The frequencv of 

• A A « 

the dip meter is measured on a nearby receiver. The 
indication of resonance on the dip meter shows the 
resonant frequency of the cable length. Make several 
readings and take an average to obtain the nost 
accurate measurement. You should be able to have the 
readings agree within a few kilohertz. 

Since the cable is originally cut slightly long, 
the indicated frequency will be lowered than that 

desired. Cut one inch (2.54 cm) of: the cable and 
reconnect the loop. Repeat the measurements and 
determine the new resonant frequency. This will tell 
you how many kilohertz the cable moves in frequency 

when one inci is trimmed from the end. If, for 
example, the original set ot readings indicated a 
resonant frequency of 7,00 MHz, and trimming one 
inch from the line raised the frequency 50 kHz to 
7.05 MHz, then trimming an additional two inches (5 
cr) from the line will raise the resonant frequency 
100 kHz to 7.15 MHz. 

If a second coax ping is to be placed on th« 
line, the line will have to be trimmed back a bit as 
total line length is measured from plug tip to plug 

tip. 


















Chapter 7 


Multiband Vertical Antennas 


As discussed in an earlier chapter, any antenna 
can be adjusted to operate on any frequency provided 

the proper tuning network is used* It is important, 
however, to remember that most practical rr.ultiband 
antennas are approximately an electrical quarter 
wavelength long at the lowest operating frequency, 
'his chapter shows some interesting variations on 
this idea* 

A Simple Multiband Vertical Antenna 


an 


An incxoensive multiband antenna is a single 
element tuned to resonanoe by a loading coil. A 
popular version consists of a 20 foot (6.1 m) 
section of aluminum tubing, base loaded by an 
adjustable coil and operated against ground (Fig. 
1). Operation cn any band between 10 and 80 meters 
is accomplished by proper placement of the taps on 
the coil. The connections are made with an 
inductance clip, such as the Barker & Williamson 
394S, or equivalent. The base coil is a section of 
air-wound inductor. 

For temporary service the antenna can be used witn 
a cround rod, but a more permanent and efficient 
installation would require a ground screen or 

tnultiple radial wires. 

Operating bandwidth of this simple antenna is 
over 150 kHz on 20 meters and above, about 80 kHz on 
40 meters and approximately 35 kHz on 80 meters. 


or 
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Fig. t Multiband vertical for 60 through 15 meter bands. Coil laps and feed- 
point are adjusted on each band by means of SWR meter in feediine. Coll 
is35 turns, 2-1/2 inches dtam., 6 turns per inch (B & W3029 or equivalent). 

The antenna is clamped to a rectangular mounting 

plate with U-bolts. The plate# in turn# is mounted 

to a ground post or other support by two ceranic 

standoff insulators» Alternatively# the antenna can 

be slipped within a telescoping section of plastic 

PVU pipe fastened to the support with 0-bolts* 

The approximate coil taps for a particular bond 

ara chosen and a few watts of power are applied to 

the antenna through an SW5t meter. The antenna tap is 

shifted a bit for lowest SWR and the feedpoint tap 

is then adjusted to minimize the SWR reading. The 

adjustments are slightly interlocking. When the 
optimum tap points art! fuuud# Uiey cue logged end 
th? procedure is repeated for another band. 
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Fig. 2 Vertical antenna plus sloping guy ropes support ether antennas for 
higher frequency bands. A popular combination is 20-15-10 meters. Separa¬ 
tion between antennas at the top is about 3 feet (0.9m). 


An Inexpensive Triband Vertical Antenna 

Vertical cmUmuis fut different auidtLeui bciitds can 

be connected in parallel at the feedpoint and fed 
with one transmission line, as shown in Fiq. 2. The 


antennas are fanned out slightly to achieve minimum 
interaction between them* Because isolation between 
the elements is not perfect, SWR at resonance of the 

antennas io not ao low ao it would be if coparata 

feed systems were used* An L-network placed at the 
transmitter will reduce the SWR to a very low value 
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Pig. 3 Trap vertical antenna for 10, IS and 20 meters. The traps act bs elec* 
tiical switches and disconnect antenna sections as the frequency of opera¬ 
tion Is changed. 

an3 may be required if a solid-state transmitter is 

USL*d. 

In this design, the vertical antenna for the 
lowest frequency band is made of aluminum tubing and 
acts as a support for the ropes holding the wire 

vprfiMlfi. Th* rnnpR a 1 <?o act guy wires for tho 
tuoing section. For best antenna efficiency a ground 
screen or multiple ground vires are required. 


The Multiband Trap Antenna 

The vertical antenna is a frequency-sensitive 
device capable of providing a good match to the 
transmission line over a narrow operating range. A 
matching device is often used to resonate it at 
off-resonance frequencies, but a more practical and 

useful means to achieve multiband operation is to 
change the length of the antenna as the band in use 

is changed. If the antenna is cut for operation on 
the lowest band, sections of the antenna can be 
disconnected, or decoupled, for operation on higher 
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freqency bands* A remote switch will do the job, but 
an easier way is to use automatic decoupling traps, 
as shown in Fig, 3* 

A typical trap consists of a high impedance 

l resonant circuit* The high impedance of the trap 
j isolates cm unwanted portion of the antenna, 

permitting the remaining section to resonate at the 
[ desired frequency* 

In the illustration, the bottom trap is resonant 
at 10 meters, isolating the upper portion of the 
| antenna* A second trap, adjusted to 15 meters, is 

placed higher in the clement to ieolato a eocnewhat 

\ shorter section of the antenna. The complete antenna 
element, including the tvo traps, resonates at 20 
| meters* Theoretically, an antenna could be made to 
resonate on any number of frequencies lower than the 
| fundamental frequency by adding a sufficient number 
I ©£ additional sections and traps. 

I 

j The Decoupling Trap 

A popular trap design consists of coil and 

j: capacitor resonant in the highest operating band o: 

I the antenna* If the impedance of the trap is 

■ sufficiently high (10,000 ohms, or nore), it is 
nearly equivalent to an open switch* At or near the 
| resonant trap frequency, the element section after 
it is effectively disconnected from the antenna* The 

antenna section between the trap and the feedpoint 
| is resonant at a frequency determined by its 

I electrical length and diameter, plus any residual 
f effect contributed by the presence of the trap* 

I At the lowest frequency of opera-ion of the 
I trapped antenna, the traps act somevhat in the 

I manner of loading coils whose effect is to shorten 
[1 the physical length oL tha antenna* multlband, 
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trapped antenna therefore will have slightly shorter 
dimensions than a single element for the same 
frequency. The amount of shortening depends to a 
large extent upon the design and construction of the 
trap. 

A practical multiband antenna is a series 
engineering and electrical compromises as the 
factors contributing to a nighly efficient, low-loss 
trap are at odds with the need for a compact, 
waterproof, low price unit capable of working in an 
outdoor environment. It is a tribute to antenna 

onginoorc that nany of tho popular triband anbennan 

on the market work as well as they do. In any event, 
the small loss in efficiency in a well designed trap 
does not seem too great a penalty to pay for the 
convenience of multiband operation with a sing.e 
antenna. 

Radials for the Miltiband Antenna 

A multiband vertical requires a good ground 
system for eac.i band in order to do its job. If the 
antenna is ground mounted, multiple ground radia.s 
or a around screen shouLd be used. The radials 

m- 

and/or screen should be large enough for efficient 
operation on the lowest frequency band in use. 

If the antenna is elevated above ground, multiple 
radials should be placed beneath it. It is common 
practice to ma<e the number of radials on the higher 
bands eoual to the total number of radials for the 
lowest band. For example, a 20-15-10 meter antenna 
may have 4 radials for 20 meters, and two radials 
each for 15 and 10 meters. Many amateurs, of course, 
use more radials than this. 

A Vertical antenna for 3.5* 7, 10 and 14 MHz 

A 5/8-wave vertical antenna for 14 MHz provides 
about 3 dB gain over the conventional quarter-wavs 
antenna. That is equivalent to doubling th3 
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transmitter power. In addition, the extra antenna 
height allows operation on the lower frequency bands 
if a suitable matching network is used. 

K practical design is shown in Fig, 4. Eight 
radials, 60 feet (18.3 m) long# are fanned out on 
the surface of the ground and an 8 fcot (2.44 m) 
long ground rod is driven ir.to the earth at the base 
of the antenna. 

Antenna feedpoint impedance is reactive on all 
sband3 and shows a resistance value of about 20 ohms 
on 80 meters, 180 ohms on 40 meters, 900 ohms on 30 

weters and 40 ohms on 20 cnetcro. A pi-network that 

will match this range of values is shown in the 
drawing. The network is placed at the base of the 
antenna in a waterproof wood box. 


Building the Antenna 


is 


I The antenna is 41 feet (12.5 m) high and built of 
Ejections of aluminum tubing. The bottom section is a 
|20 foot (6.1 m) length of 2 inch (5.1 cm) diameter 

I irrigation pipe. The top three sections are made of 

Jtelescoping sections of tubing, all having a wall 
thirVnPfis nf .OS8 inch (1.47 mm). Diameters of the 
sections are 1.7S inches (4.-45 cm), 1.5 inches (3.81 

era) and 1.375 inches (3.49 cm). The antenna is 

- 

supported by a 4x4 (10 cm square) wood post 8 feet 

'2.44 m) long. The botton half of the post is 

painted and then wrapped vith two layers of heavy 

I*.,- 

weight aluminum kitchen foil which covers the Sides 
. and end. The fo:l is held in place with vinyl tape, 
and seams in the foil are also taped. This protects 
the post against ground water rot and termites. The 

post is sunk about 4 feet (1,22 m) in the ground. 

* 

I The antenna is mounted to the post by three heavy 
duty ceramic standoff insulators. The better 
nsuiators have metal bases which add strength to 
|the mounting area. The whole assembly is very ruggec 
§and requires no guying. The top of the antenna will 


. * 

we* 
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COAX TO 
STATION 


Fig. 4 Gain antenna for 80-10 meters. This design provides about 3 dB gcin 
on 20 meters anc less on the fewer frequency bands. A simple 
pl-.network at base permits the antenna to be tuned to the band in use. 
Tuning data is given in text. A smaller version, 22 feet (6.7 m) high can 
be used on the 20-15-10 meter bands. Network component values a'e 
reduced by half for the higher frequency design. 















§ 5 ^ 


MULTIBAND VERTICAL ANTENNAS 


165 


sway about 2 feet 
harn done to it. 


(0.6 ra) in a heavy wind with no 


Tuning the Antenna 

The pi-network consists of two capacitors and a 

tapped coil. The antenna capacitor (at the left in 
the drawing) is only used on the 30 and 40 meter 
bands. On the other bands it is set at zero. The 
right-hand capacitor and the coil are adjusted for 

lowest value of SWR on the feedline. Cn 30 and 40 
mptor* thp lpff rapacitor brings thp nptwork into 

resonance ana the right capacitor will be set near 

zero value. 


resonance 


on 


Using ~he Antenna on 14 Thru 30 MHz 

The antenna design shown in the previous section 
can be adapted for use on the higher frequency bands 
by cutting the overall length to 22 feet <6.7 ra). 
The basic antenna is now a half-wave vertical for 21 
MHz, which also functions as a 5/8-wave vertical on 
28 MHz, providing about 3 da gain on the latter 
band. On the 24 MHz band, about 2 d3 gain is 
provided. The network capacitors are reduced to 100 
pF and the coil inductance to 3 uH for the hich 
frequency version of the antenna. The ground system 
consists of eight radial vires, 30 feet (9.1 n) 

long, plus an 8 foot (2.44 n) ground roc at the base 
of ~he antenna. 


A Vertical for 40 and 75 Meters 






This compact antenna employs a single trap and 

top-hat loading and is only 33 feet (10 m) high 
(Fig. b). it is designed tor roottop mounting and 

has four radials— two for 40 meters and two for 83 

meters. The latter are bsnt into a 2-shape to 
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COOD tHSAATOR HERE 
(HIGH RF VOLTAGE} 


CCPFERWELO 
OR GALVAM2E0 
St/Y WiRE 




SHORT 
BRAID 
TO CENTER 
CONDUCTOR 


tO METERS 
(33 FT } 



INflTT (* 

SO OHM 

COAX 



PUSH-VP 
TV MAST 


l.7pH 





COPPERWEtD 
OR GALVAWZED 
GUY WI RE 



tO METERS 
(S3 FT) 


ROUGHLY HORIZONTAL 
APPROXIMATELY 90* APART 

K€CP I ft CtCAR 


Fig. 5 A two-band vertical antenna for 40 and 80 meters. The vertical mast 

Is resonant on 40 meters. Top loading resonates it in the 80 meter bard. 
The decoupling trap, made of a shorted section of coax cable, 1$ dropped 

down inside the mast. A simple Lmetwork at the antenna base provides 
a match to a 50 or 75 ohm coax line. The shunt Inductor is adjusted lor 
lowest SWR at the 30 meter design frequency. Anterna is mounted to a 
wood post by means of Unbolts. 
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Fig. 6 View of the top assembly of the two-band vertical antenna. Outer 
braid of the coax decoupling trap Is split into two pig-tails which are 
clamped to the top of the mast. The inner conductor of the coax passes 
up through the top Irsutator and Is attached to the two top wire guys which 
act as loading wires. 80 meter resonant frequency can be changed by 
adjusting wire lengti. 
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conserve roof space. A sinple L-network provides a 
good impedance match on both bands, Operation*.! 
bandwidth between the 2-io-l SWR points on the 
feedline is aboit 120 kHz on 80 meters and 220 kH 2 
on 40 meters. 


Building the Antennna 


The antenna is made from a three section push-up 
TV mast which is trimmed to one quarter wavelength 

on 40 tsetei ss* rx.uic* Llie Lop a leuyLl. of RG-8A/U 

(RG-213/U) is dropped down inside the nast. The line 
is 22.5 feet (6.9 m) long with the shield shorted to 
the inner conductor at the bottom end. This joint is 
wrapped with vinyl tape to prevent it from shorting 
to the mast. The top outer shield is connected to 

the top of the TV coast • The top center conductor cf 

the coax is connected to tvo slanted top-hat wires# 
which act as guy wires and a capacitive loading 
element. On 40 neters the coax appears as a parallel 
resonant circuit and isolates the mast from the top 
hat radial wires. On 75 meters the coax is one 

eighth wavol«n 9 th long and acta as a series loading 

coil. The mast# coaxial coil and top hat form a 
series resonant circuit# forming a ore eighth wave 
radiator resonant at about 3850 kHz. 

The Matching Network 

On 40 meters the feedpoint resistance is about 
40 ohms. On 75 meters# because of top loading# the 
base resistance is about 18 ohms. (If base loading 
were used# the feedpoint resistance would only be 
about 7 ohms.) The network is adjusted for proper 15 
meter operation and is left in the circuit for 40 
meter operation as it has negligible effect on this 
band. 
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Antenna Details 


The detail of the top of the mast is shown in 
Fig, 6. This is a high voltage poirt so a good 
quality top insulator is needed. The cne used was 
cut from a hard maple block and painted with G.C, 
"Insu-volt" varnish. Micarta, Teflon, Lexan, cr 
other insulating materials are suitable. The top end 
of the coax cable within the mast is sealed with a 
coat of G.E. RTV-lOS sealant, or equivalent. 

The two top radials are made of galvanized ircn 
or copperweia wire. Tney rave low current in them 

and wire size is not important, but they must 
withstand wind stress. The lower end cf the radials 
terminates in a strain insulator. 


7$ 


A corona ring is formed it the top cf the mast by 
extending the center conductor of the coax to form a 
k inch (51 mm) diameter loop. This i* necessary if 

high power is run in damp weather. 

The base insulator is at a low voltage point and 
is made of a painted hard wood block. To stabilize 
the antenna a second set of guy wires is placed at 
the top of the base section of the mast. Guy rings 

die usually supplied with the roast. 

The L-network is placed in a waterproof wood bex 
at the base of the antenna. The resonant radials are 
run across the roof and mounted a fev inches above 
it. The ends are supported and terminated by small 
insulators. The radials are bent to fit the shape cf 

the roof, if necessary, 

IThis antenna was designed and built by Paul 
Scholz, W6PYK, and was described in the September, 
1979 issue of "Bam Radio" magazine.) 


A Three Band Ground Plane Antenna 

This low-cost, high performance antenna is 
designed for 20, 15 and 10 meter operatioon and is 
about 9 feet (2.74 m) high (Fig. 7), The vertical 










VERTICAL ANTENNAS 


tomnrn 
w wt 



SB *0 tO 





T/+1t rnfcfN? 

t* «> i| 

:owi2 sftu w 

yw rv 



,vr* 


t* K.iyc m 


r ir^ a n*src 


CAfCM 9 S9 OV ^AU3 


<<*&•? <P r*0M 

ff> AS^I VTOP 


f* uaotv or *sjtrc ^ 


rtf cpt%in n:f /> util a sum 
r^ *»a*0 *afM 


, j . ££**”, 

*Vv^y .*•*.- a ^ ar9 * 



Fig. 7 Assembly view of three 
band venial antenna. 


Jdtxt <oc«r>t no 

CO***? Vi( PC orootr wTM nr# 


tC*CCd*f MtiA^i, 
JUOUaV fXfJVA wtv 
jxwr PCC* %o £ mil 


• ^T 


JPT 


t If 


M MV4WM cam* 


**m 4 


fwp,v oKAmm 





































MULTIBAND VERTICAL ANTENNAS 171 

portion is mede of thin-wall electrical conduit, 
available in 10 foot (3.1 m) lengths from large 
building supply stores. Antenna length is slightly 
longer than derived by formula as the top loading 
affects 10 meter resonance. 

Separate leading noil*? arp n*Ad for 20 and L5 
meters and are terminated in small capacity hats. 
This allows loading coils with fewer turns and helps 
reduce coil losses. 

/vntenna Construction 

The conduit is capped with a 5 inch (12.7 cn) 
length of half-inch plastic water pipe which is 
actually 7/8-inch (22.22 mm) outside diameter. This 
provides a slip fit over the conduit. The pipe :s 
cemented to a plastic T-fitting. The top of the 

T-fitting is drilled out so that the conduit passes 
through for connections to the loading coils. 

A 14-inch (35.6 cm) length of plastic pipe 
passes horizontally through the T-fitting and the 
loading coils are wound on the ends of the pipe 
after it is cenented to the fitting. The coils are 
close-wound with no. 20 enamel wire. Twenty eight 
turns are required for the 15 meter coil and 62 
turns for the 20 meter coil. The inductance of the 
coils can be reduced, if necessary, by removir.g 
turns. It is best to start vith a few too many turrs 
and remove a half-turn at a time until the frequency 
of minimum SWR is near the band center. The 
inductors can he fine-tuned oy changing the spacing 
betveen the turns. Fortunately, there is little 
interaction betveen 15 and 20 meter resonance. 

When the coils are completed, they are given a 
coat of G.C. "Insu-volt" varnish or acrylic spray to 
protect them from the weather. The resonant 

fl'C 4 UCiiuy will IubuuL X50 KMz. when Uie 

coils are sprayed, so it is a good idea to have 
resonance about that much higher in frequency before 
painting starts. The conduit is zinc-plated but 
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should be sprayed with clear lacquer as further rust 
preventative. 

The loading coils for 20 and 15 meters are 
terminated by capacity hats made from three pieces 
of no. 10 copper wire forced through holes drilled 

in the end of the plastic capo. 

This antenna has worked well with only four 
radials—two for 10 meters, one for 15 meters and 
one for 20 meters. These serve as guy wires, forming 
a drooping ground plane. If more radials can be 

installed, a minimum of four per band is suggested. 

Antenna bandwidth between the 2-to-l SWR points 
on the feedline is over 1700 kHz on 10 meters, with 
the design frequency at 29 MHz. This allows 
excellent operation over the whole band. The SWR 
bandwidth on 15 meters is over 600 kHz and is better 
than 300 kHz on 20 meters when the antenna is 

adjusted for resonance at 14.2 MHz. (This desiqn was 
described by Fred Brown, W6H?H, in the October, 1968 

issue of "Ham Radio" magazine. 
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Antenna Roundup 


The C3HCT Minibeam for 40 Meters 

This simple beam, antenna for 40 meters is low in 
cost and occupies a minimum of space. It consists of 
a two-wire vertical antenna supported by a 36 foot 
(11 m) high wood roast plus a three wire reflector. A 
simple coax matching system is used to match a 50 or 
75 ohm line (Fig. 1). 

The folded unipole element is 34 feet (10.36 n) 
high/ with 3-1/2 inch (9 cm) spacing between the 

wires. The spacers are cut from short lengths of 1/2 
inch (1.3 cm) diameter plastic rod# drilled to pass 
the wires. 

Each reflector wire is 71 feet (21.64 m) long. 
They are supported at one point atop -he tower bnt 
there is no connection between the wires. The wires 
1 clear the ground at the lower end by about 4 feet 
| (1.22 m). 

I A stub matching system is used. Length D is from 

■ : : 

the antenna feedpoint to a coax T-connector. Length 
E is set for lowest SWR at the midpoint of the band 
I by shorting through the coax line with a pin. When 

| the correct spot is determined# the line is cut and 
the end shorted with a permanent joint. 

At least eight quarter-wave radial wires are 
laid out on the ground surface# fanning out from the 
base of the antenna. 
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Snor: a: 
thiicnd 


Fig. 1 The G3HCT retbctor-antcnna for 40 meters. A coax transformer 
matches antenna to 50 or 75 ohm line. Dimension D is 16*2" (4.93 m). 
Dimension E is 9’3" (2.82 m). Length E is adjusted for lovrest SV/R on the 
transmission line as explained in the text. 

G3HCT reports good front-to-back ratio. Gain 
measurements were not made, but the antenna compares 
favorably with a two element Yagi on a 120 foot (36 
m) high tower, usually running about 1/2 to 1 S-unit 
below the larger beam. G3HCT says this is "the best 
40 meter antenna I*ve ever used". 

(This antenna was originally described in "Radio 
Commtnication", a publication of the Radio Society 

of Great Britain and discussed in the October, 1979 
issue of "CQ" magazine by Bill Orr, W6SAI.) 

A Vertically Polarized Delta Loop Antenna 

The vertically polarized delta loop antenna 
(Fig. 2) is a popular DX performer for the 30, 40 

and €0 meter bards. In its simplest version, it is a 
one-uavelength wire, wrapped into a triangle with 
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ROPE 



Fig 7 n^ltfi Innp provide* 1.5 dR gain over vertical dipole I oop I* led 

through quartcr*wavo coax transformer. 


the apex at the top and fed in one corner. Depending 

upon the shape of the loop and the height of the 

bottom wire above qround, the feedpoint resistance 
runs between 80 and 120 ohns# providing a convenient 

march for a 50 or 75 ohm coax line, either direct or 
through a 75 ohm impedance matching line section. 
The line is coiled into a six turn rf choke at the 
point it is connected to the loop to decouple the 

outer shield from unwanted antenna currents. 

The delta loop provides about 1.5 d3 gain over a 

vertical dipole, and has a bidirectional radiation 
pattern at right angles to the plane of the loop. 
The high efficiency of the antenna indicates that 
the physical arrangement of the wire is relatively 
unimportant, however the loop gain and feedpoint 
resistance are highest when the wire encompasses the 
qreatest area. Operational bandwidth is excellent; 
an 80 meter loop covers the whole band with an SWR 
of less than l>8-to-l. 
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Feeding the Delta Loop for Multiband Operation 

If the 80 meter delta loop is fed with a 
balanced, two-wire line and an antenoa tuner or 
Transmatch, it can be operated on its harmonic 

frequencies* As Lhe hctrs:;un-c frequency increases, 
loop bandwidth grows and the resonant points are 
very broad. 

For proper operation, the loop requires a top 
support about 45 feet (13.7 m) above ground* No 
radials are required if the soil below the antenna 

has Cair to good conductivity* 


The Half-sloper Antenna 


a relative of the vertical antenna is the 

half-sloper, so-caIIpH hprarap if i «* nnp-*hAlf of An 
inclined dipole. It is ccntnonly slung from an 
existing metal tower, with the far end of the wire 
tied off near ground level (Fig* 3)* The high 
current portion is at the top, which is beneficial 
for the low angle radiation which is predominantly 

vertically polarized* The tower is an electrical 
part of the anterna and plays a significant role in 

its operation* It must be well grounded at the base* 

The half-sloter wire is fed at the top end and 
the shield of the coax line is attached to the tower 
at this point* The top of the antenna should be 
about a quarter-wavelength in the air and the bottom 
end must be well-clear of the ground ( 6 feet-l*8 m, 
or more) for best results* The included angle 
between wire and tower is about 45 degrees, although 
chances in angle and wire height may be compensated 
for by varying the length of the wire* 

Extended tests have shown that the haIf-sloper 
provides no gain over a ground plane, but has 3 to 4 
dB directivity in the direction of the slope* 
Apparent DX signal gain comes from the low angle of 
radiation provided by this unusual antenna* In 
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Pig. 3 The basic sloper antenna is a quarter-wave wire fed at the top and 
slung from an existing tower. Shield o' coax is grounded to tower at the 
top. Lower end of sloper should clear the ground by ten feet or so. 

addition, the half-sloper seems to pick up less 
man-made noise than the conventional vertical 
antenna, providing a great advantage in weak-signal 
reception. 

Frcparing the Tower for the Half-slop*r Antenna 

In most instances, the half-sloper is attached to 
an existing tower. For proper sloper operation, the 
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tower must act as a portion of the antenna systerr. 
It should have good electrical conductivity from top 
to bottom. In zhe case of a crank-up or tilt-over 
tower, a flexible jumper must be placed across the 
mechanical joints* If a beam is atop the tower, gocd 

tower- to rotary moat conductivity ic very important 

because if it is intermittent, the SWR on the sloper 
wire will fluctuate in a breeze. A flexible jumper 
from tower to mast solves this problem. 

The coax lines to the sloper and to the tower 
antenna, plus any control cables to the rotator cn 

tho towor, should be taped to on** rnver Iaq ,-*nn 

brought down to ground level. They then should he 
routed to the station along the ground. If 
convenient, the lines may be buried inside a garden 
hose to get them out of the way. Burying cables 
without good protection from ground water is a bad 
practice, hence the use of the hose. 

Installing the Half-sloper Antenna 

The attachnent point of the half-sloper should 
be one-quarter vavelength, or more, above ground. If 

it is greater or less than this figure, adjustments 
will probably have to be made to the length of the 

sloper wire and the included angle to the tower. 
Varying the angle of the vire to the tower has a 
marked effect upon the feedpoint resistance and 
consequent SWR, whereas adjustment of sloper length 

changes the resonant frequency of the antenna. The 
physical length of the wire is slightly greater than 

that of an equivalent quarter-wave wire. The length 
can be changed to position the resonant frequency of 
the half-sloper at the desired point in the amateur 
band. 

Guy wires and other attachments to the tower 
exert influence on the sloper wire. All guys should 
be broken up by strain insulators at short intervals 
to prevent unwanted resonant effects and, as in the 
case of the ground plane antenna, the sloper tower 
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must have a good radial ground system at the base* 

The half-sloper antenna provides satisfactory 
operating bandwidth, typically 50 kHz on 160 meters, 
100 fcHz on 80 neters and about 200 kHz on 40 meters 
between the 2-to-l SWR points on the feedline* 

Building the Vertical Antenna 

A rugged and permanent vertical antenna can be 
built from telescoping sections of aluminum tubing* 

When properly accombiAd And guyed, thi <5 Ant-onnn will 

withstand heavy wind and icing* Shown in Table 1 are 
standard sizes of aluminum tubing that telescope 
within one another* The commercial alloy 6061-T6 
combines good nechanical strength with corrosion 
resistance and is available from metal supply houses 
in large Rofhar n1'oys used for gas lines 
and architectural work should be avoided as their 
strength is low and the material bends easily* 

The first assembly step is to slot one end of 
the larger diameter tubes with a hacksaw* The slot 
goes through both walls, on a line with the center 

axis of the tub?* This permits the diameter of the 
tube to shrink a bit when a clamp is placed over the 
end* All burrs should be carefully removed from the 
walls of the tuoe and the mating sections of tubing 
sanded and cleaned to lessen the possibility of 
seizure after they are telescoped* The slot should 

be wide enough so that when pressure is put upon the 
end of the tube, the next section of tubing is held 
firmly in place* 

Before the sections are joined, precautions must 
be taken to prevent corrosion at the joints* Only a 
minute amount of corrosion between the tubes will 

prevent disassembly of the antenna at a later date. 
An antioxidiziig, conductive compound such as 
General Electric G-635 dieLectric sealant grease, 
"Penetrox" or H Cual-Aid" should be smeared lightly 
over the mating sections of tubing* These compounds 
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TABLE 1 - ALUMINUM TUBING - STANDARD SIZES 

Recommended for antenna construction 


Outer 

D i am. 

Wat 1 

Inner Diam 


1 nch 

dec mal 

inch 


1 nch 

lb/ f 

3 

(3.ann) 

0.125 


2.700 

1.33 

2-1/2 

(2.500) 

0.125 


2.250 

1 .10 

2-1/2 

(2.S00) 

0.083 


2.334 

0.74 

2-1/2 

(2.S00) 

0.083 


2.084 

0.66 

2-1 12 

(2.500) 

0.065 


2.1 20 

0.52 

2 

(2.000) 

0.083 


1 .834 

0.59 

2 

(2.000) 

0.065 


1 .870 

0.45 

1 -7/8 

(1 .375) 

0.058 

t 

1 .759 

0 .39 

1-3/4 

(1 .750) 

0.083 


1 .584 

0.51 

1-3/4 

(1 .750) 

0.058 

• 

1 .634 

0 .36 

1-5/8 

(1 .525) 

0.058 

• 

1 .509 

0.34 

1-5/8 

(1 .525 ) 

0 .035 


1 .555 

0.21 

1 -1 / 2 

(1 .500) 

0.083 


1 .334 

0.43 

1-1 / 2 

(1 .500) 

0.065 


1 .370 

0.34 

1 -1 ft 

<1.300) 

O.OS8 

• 

1.384 

n _31 

1-1/2 

(1 .500) 

0.049 


1 .402 

0.26 

1 -1 ft 

(1 .500) 

0.035 


1 .430 

0.18 

1 -3/8 

(1 .375) 

0.058 

* 

1 .259 

0.28 

1-3/8 

(1 .375) 

0.035 


1 .305 

0.17 

1-1/4 

(1 .250) 

0.058 

t 

1 .134 

0.26 

1-1 / 4 

(1 .250) 

0.049 


1 .152 

0.21 

1-1/8 

(1 .1 23) 

O .050 

* 

1 .000 

0 .23 

1-1/8 

(1 .1 25) 

0.035 


1 .055 

0.14 

1 

(1 .000) 

0.058 

ft 

0.884 

0 .20 

1 

(1 .000) 

0.049 


0.902 

0.17 

1 

(1 .000) 

0 .035 


0.930 

0.12 

7/8 

(0.875) 

0.058 

• 

0.759 

0.18 

7/8 

(0.875) 

0.049 


0.777 

0.1 5 

3/4 

(0.750) 

0 .058 

+ 

0.034 

0.15 

3/4 

(0 .750) 

0 .049 


0.652 

0.1 3 

5/8 

(0.625) 

0.058 

m 

0.509 

0.12 

5/8 

(0.625) 

0 .049 


0.527 

o.n 

1 It 

(0.500) 

0.058 

♦ 

0.384 

0.10 

1/2 

(0.500) 

0.03S 


0.4 30 

0.06 

7/1 6 

(0.438) 

0.035 


0.367 

0.05 

3/8 

(0.375) 

0.058 

• 

U .259 

0.07 

5/16 

(0.313) 

0.058 

• 

0.196 

0.06 

1/4 

(0.250) 

0.058 

• 

0.134 

0.04 


# telescopes Into next larger size having 0*058 wall. 
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forn an air-tight seal as well as being good 
electrical conductors# 

?he sections are now telescoped and the joint 
held securely ty a corapr e s si on -1 ype hose clamp. If 
the sections dc not make a tight fit# the joint can 

be shimmed wi LI thin a Ljl ipo of aluminum. In any 

event# there should be no rcoveraent in the joint when 
the completed artenna is picked up at one end. 

Antenna Hardware 

Care muot be taken to aoe hardware that will not 

rust or corrode. Never use stove bolts or any bolts 
that lack a corrosion-proof finish. Most industrial 
hardware is made of cadmiutr- or zinc-plated metal. 
This is satisfactory# provided the antenna owner 
checks it every year as exposure to the weather 

gradually dotojeioratae tho protactivo plating and 

the hardware rusts. The best and most expensive 
hardware to use is stainless steel# but this is 
difficult to fird. 

All plated hardware should be given a protective 
coat of General Electric RlV-108 adhesive sealant or 
Zinc chromate paint. The paint can be found at larqe 
hardware and home improvement stores in an Aerosol 

dispenser. Do rot breathe the paint fumes as they 
are toxic. 

if possible# use hexagonal-headed bolts and 
elastic stop nuts for antenna assembly. If stop nuts 

are not used, lock washers are mandatory. The use of 
slot-head bolts is not recommended as it is easy for 

the screwdriver to slip out of the bolt head# 
possibly inflicting a bad wound on the assembler. 

By following these suggestions# the builder can 
make an antenna that is safe and easy to erect and 
simple to take apart. 
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Antenna Guys 

Large antennas require guy wires to prevent them 
from whipping about in the wind* A broken guy is a 
safety hazard and the installation of cuys should be 

done as carefully as aoocrably of the antenna* For 

most light amateur vertical antenr.as galvanized 
steel guy wire, broken up by strain insulators, can 
be used* The guys are broken into 10 foot (3 m) 
lengths to prevent them from becoming a resonant 
part of the antenna systen. Galvanized coating rusts 

■in a fpw «n ^n annual rhprV nf guy<? *nd 

hardware for rust is a good idea* For large antennas 
or towers, stranded steel guy wire is required* 
Small antennas can be guyed with polypropylene rope, 
eliminating the need for strain insulators* Keep an 
eye on the rope as it stretches with ace* 

The Base insulator 

in most cases, the voltage at the base of a 
vertical antenna is high enough to cause trouble* As 
an example, a quarter-wave vertical with a feedpoint 

resistance of 35 ohms has a base-to-ground voltage 
of about 185 volts with 1000 watts applied to the 

antenna* This is enough to give the unwary a tad 

burn so the base of the ontenna should be protected 

against the curious* 

Any good insulating material can be used for the 

base insulator* Hard, maple wood is a good choice if 
it is provided with a protective coat of General 
Cement Co. "Insul-volt" varnish (G.C. 10-608) or 

several coats of varnish * or shellac* A surplus 
ceramic insulator will do the job for a small 
antenna. Some amateurs use an empty soft drink glass 

bottle as an antenna base insulator I Others mount 
their vertical directly to a ground post with 

U-bolts. All of these ideas, and others you nay 

think up, will work. 















ANTENNA ROUNDUP 



Lightning Protection 


If an antenna receives a direct lightning strike 
I it may be badly damaged or vaporized. A lightning 
bolt can discharge over 20,000 amperes in a fev 

seconds* Antenna, feedline and radio equipment can 
be destroyed with possible fatal burn or shock to 
the operator, if he is in the vicinity. 

For this reason it is important that the 
feecline from antenna to station be disconnected* 

I The feedline shculd be grounded outside the station 
f to bleed off static electricity that may build up on 
I the antenna* 

A degree of equipment protection can be achieved 
| from nearby lightning strikes (which can induce 

abnormally high transient voltages in the antennal 
oy the inclusion of a transient surge protector m 

| the coax line* One such device is ths Transi-trap 
protector (Alpha Delta Communications, Inc., Box 
571, Centerville, OH 45459). This unit is placed in 
the coax line from antenna to the station* 

Communication equipment can be protected fron 

damage caused by induced power line surges from a 


nearby lightning stroke with the aid of a transient 
protective device such as a metal-oxide varistor 

4 m 

(MOV) whose resistance varies with the magnitude of 
the voltage surge* The device is placed on the power 
line to the equipment. Additional information on 

these products may be found in a Pebruary, 1982, Q&T 


if 




I 



article by Collick and Stuart* 

The National Fire Protection Association 
(Batterymarch Park, Quincy, MA 02269) publishes a 
booklet (no. 79-1983) called "Lightning Protection 
Code'* that includes information pertinent to 

elcctronio equipment. Write for it. 
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Antenna Teat Equipment 

In order to make sure your antenna works the way 
it is intended to, you will need several items of 

inexpensive test equipment to ovaluate it:. Thp 

questions you vill want to answer are: Is my antenna 
reaonant at the design frequency? Dees my antenna 
match my traosmission line? Inexpensive items of 
te3t equipment will give you easy and rapid answers 
to these questions. 

The tost equipment required are an accurate SWR 
bridge and a dip meter. The SWR meter is often 
incorporated in the transmitter, but you'll have to 
buy or build the dip meter. 


The SWR Meter 

The SWR meter measures the standing wave ratio 
(SWR) on the transmission line to the antenna. (This 
is also called the "voltage standing wave ratio", or 
H VSWR M .) The reverse reading of the meter indicates 

the degree of match between antenna and line. If the 
match is perfect (zero reverse reading on the 
meter), the SWR is unity, or "1-to-l". As the 
mismatch between antenna and line becomes greater, 
the reverse SWR reading rises accordingly. Most 
modern equipment is designed to work into a SWR as 
high as 2-to-l. 

rou can build an swk merer if you want to, but 
there are good, accurate ones on the market. The 
inexpensive SWR meters are satisfactory for most 
purposes, but their reverse readings can be wildly 
innacurate, and often are. However, the aim is to 
achieve a low value of SWR on the feedline and the 

e*act value of 3WR is relatively unimportant• Buy 

the best SWR meter you can afford and you'll get the 
mest accurate results. Some of the better models 
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have plug-in rE heads for different frequency bancs 
and will work accurately up into the vhf region. 

The Dip Meter 

The dip meter is a low power tunabLe oscillator 
that covers the various hf ham bands by means of 
plug-in coils. It has a meter chat provides 
indication of resonance when the instrument *.s 
coupled to an antenna or other tuned circuit. The 

exact resonant frequency found by the dip meter can 
be vexiTied by listing to the device on a nearby 

receiver whose dial calibration can be read to 10 
kH 2 , or better. Commercial dip meters are available, 
but less expensive devices may be built up from 
kits. 

An 80 Meter Half-sloper Cage Antenna 

A conventional half-sloper antenna has a 
relatively narrow bandwidth and will not cover the 
whole 80 meter band with a reasonable value of SWR 
on the feedline. Shown in Pig. 4 is a multiwire 
slcper which provides improved bandwidth. The 

mcoourcd CWR io below 1.5-fco-l between 3.5 and 4,0 
MH2. 

The antenna consists of; a 4-wire cage# 25 inches 
(63.5 cm) on a side and 63.5 feet (19.35 m) long. It 
is fed at the top, in the manner of a conventional 
slcper. Five spreader assemblies, made out of 

fibsrglacc rode, hold the wiroc in pocition. The 

spreaders are lashed together at the center points 
with a wrapping of stranded wire. 

The end spreaders are placed so that the 
distance from the spreaders to the end insulators is 
2 feet (0.6 m). A short nylon line is run from the 

croRflnvpr point's* of t*h#» pnri <tprpaflprq to fhp outer 

insulator to prevent bowing. 

The cage wires are interconnected at each 
spreader by wire jumpers running along the 
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Fig. 4 Broadband 8loper antenna for 80 meters. Spreaders are made of 

38 Inoh (03cm) flborglcaa rod a. All wins are connected ay jumpers at each 

spreader. SWR Is less than l.4*to-1 over 3.5 to 4.0 MHz. 

spreaders. The wires are soldered together at the 
crosspoints* 

The antenni is fastened at the 50 foot (15*3 n) 

level on a metal tower which may be used to support 
another antenna* The coax feedline is run up the 

tower and the shield grounded to the tower at the 
top. The connection wire between feedline and 
antenna should se not longer than 10 inches (25 cm*. 
The coax is brought down one tower leg, along with 
any coax or control wires to the beam atop the 
tower. The lower end of the cage is about 20 feet 
(6*1 m) above ground level. 

In general, changing the cage length changes the 
resonant frequency and changing the slope angle or 
height of the and point above ground changes the 
feedpoint resistance. 

(This antenna is adapted from a design by Dick 
jansson, WD4FAB, which was described in the August, 
1983, issue of "Ham Radio" nagazine*) 
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The HF Mobile Antenna 

The success or failure of hf mobile operation 
depends upon the efficiency of the antenna* The 
mobile station runs relatively low power and must 
compete with Mgh power fixed stations with good 
antennas. A popular mobile antenna is an 8.6 foot 
(2,63 m) stairless steel *hip mounted on the rear of 
a vehicle. For 10 and 15 meter operation, antenna 
efficiency is high as the antenna is very near 
qusrter-wave resonance* Feedpoint resistance is 

close to 30 ohxro and the reactance is near zero an 

10 meters and quite low on 15 meters. 

As operation is shifted to the lower bands, the 
antenna grows shorter in terms of operating 
wavelength and the feedpoint resistance drops 
accordingly. At the same time, antenna reactance 

ricco and operating bandwidth dccrcaoco. At 30 

meters, for example, the feedpoint resistance of the 
whip is about 0.5 ohm, the reactance has increased 
to over -180C ohms and the operating bandwidth 
(defined as the operating range over which the 
feedline SWR is less than 2-to-l) has dropped to 

about 15 kHz. 

For proper operation, the feedpoint resistance 
of the whip must be matched to 50 ohms and the 
negative reactance cancelled out by adding equal 
positive reactance in the form of a loading coil. 


The Loading Coil 

Experiments have shown that mounting the coil 
near the center of the antanna is a good compromise 
between electrical efficiency and mechanical 

awkwardness. The coil must have a high ratio of 
reactance to resistance to minimize coil loss. This 

means winding the coil with heavy wire on a form 
whose length is about two to four times the 
diameter. An air-wound coil, or one wound on a 
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ceramic or polystyrene form, is recommended* A gcod 
coil will have a figure of merit ($) of 300 or 
better* Even so, antenna efficiency is quite low* 

For example, assume an 80 meter center loaded 
whip has a feedpoint resistance of 0*5 ohm and a 

reactance of -18S0 ohma« The loading ooil therefore 

must have a reactance of +1850 ohms to establish 
anrenna resonance* If the coil has a Q of 300, the 
rf resistance of the coil is 1850/300, or about 6*2 
ohms* Overall antenna efficiency is the feedpoint 
resistance divided by the sum of the coil resistance 

plus tho foodpoint rocistanco: 0-5/ ( 6.2-*-0. 5) , or 

*074 or 7*4 percent* This means that a 100 watt 
transmitter connected to this antenna would radiate 
about 7*4 watts I 

It is very difficult to obtain a practical 
loading coil for 80 meters having a Q higher than 

about 300, co this is an oxample of a 1Smit*-ing r/isn, 

so far as efficiency goes* 

On 160 meters, the situation is even bleaker, as 
whip antenna efficiency runs about 0*5 percent* Even 
with this handicap, 160 neter mobile operation is 
practical and enjoyed by many amateurs* 

Loading coil efficiency is much better on the 
higher bands and overall antenna efficiency is 
greater than 50 percent on the 20, 15 and 10 meter 
bands* 

Tuning the HF Mobile Antenna 

A good match between the mobile antenna and the 
coax feedline can be achieved with a shunt base 
coil, as described earlier. Before the coil and 
feedline are attached, the antenna should be 
grounded to tie frame of the vehicle via a two turn 

loop and checked for resonance with a dip meter* The 
antenna is resonated to frequency by varying the 

number of turns in the loading coil or by adjusting 
the length of the top portion of the whip* 
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The antenna is now attached to the feedline and 
the shunt matching coil is placed across the coax 
line terminals. A tapped coil consisting of 20 

turns# 1.5 inches (3.8 cm) in diameter is 

satisfactory. Low power is applied to the antenna 
and the number of turns on the coil adjusted tD 

provide a low value of SWR on the feedline. It will 

be necessary to readjust the antenna slightly tD 
reestablish resonance when the match is close to 
unity. 

An easy way to temporarily lower the antenna 
resonant frequency is to add a few Inches or wire as 
the top of the antenna with the aid of a copper 
battery clip. This is a quick and effective way of 
charging antenna resonance when the operating 
frequency is changed. 


The VKF Mobile Antenna 

The 1/4- anc 3/8-wave vertical whip antennas are 
widely used for vhf mobile operation. A good maten 
is achieved by feeding the antenna directly with a 
co.nx linp. Tf the match needs to be improved, a 
small shunt coil can be placed across the antenna 
feedpoint. A six turn ceil# 0.5 inch (1.3 cm) 
i diameter about 3 inch (2.54 cm) long can do the job. 
Expand or squeeze the turns until the best match is 
achieved. 

The ideal artenna mounting spot is on the roof 
of the car, with a rear-deck mount a good 

alternative. For temporary operation a magnetic 
| mount can be used# although it can slip and let the 
I antenna blow off the vehicle at high speeds# 
particularly when driving into a strong wind. A more 
permanent mount involves attachinq the antenna base 
directly to the vehicle, kany amateurs hesitate to 
do this because it involves cutting a hole in the 
[ car body. 
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The vertical Antenna-The Final Wore by W6SAI 

Many years ago a good friend described a 
vertical antenna to me as "one that radiates equally 
poorly in all directions”. I believed that remark 
for many years until I had the opportunity to build 
and test various vertical antennas myself. 

Looking back upon this story, I realized my 
friend was conparing a ground-mountec ground plane 
against a high, 3-element Yagi. The ground plane, 
moreover, was surrounded by power lines and close to 
adjacent buildings. 

Why not gi*e the vertical antenna a real chance 
to perform? Hy first vertical was a 50 foct, 
center-loaded whip for 80 meters. It was mounted 
atop a single story garage and had five radials 
which ran around the yard. It was a great DX 
antennal I adnit that within a thousand miles, it 
produced poor results. But working the east coast 
from W6-land, it provided reports equivalent to 
other local stations running high dipoles. And in 
Europe, Africa and Asia it excelled. 1 could hear DX 
stations other antennas could not pull out of the 
fcacfcgrouncl. And my reports were impressive. 

A series of follow-up verticals for the higher 
bands were built and usedj always with good results. 
My conclusions, based upon using these simple and 
inexpensive antennas, were that—given a gcod 
chance--the vertical is a good antenna for the 
amateur with a lean purse ana insufficient room to 

put up a beam. 
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